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at amazingly low cost! 


This new “LAB-AID” cabinet is the ultimate solu- 
tion to the filing problems encountered in the 
laboratory. It is of welded-steel, fire-resistant con- 
struction throughout. Files 3x1” or 3x2” micro- 
slides, 2’’x2” transparencies, large lantern slides, 
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advantages, the cost-per-slide capacity in the 
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SCIENCE 1 


Allee, Emerson, O. Park, T. Park, and 
Schmidt on Animal Ecology 


With a thoroughness never before achieved, this new book ex- 
plains the complex relationships between living organisms and 
their environment. While animal ecology is stressed, the authors 
have necessarily drawn on ideas from plant ecology and have 
done a workmanlike job of integrating ecology with geneties and 
evolution. Every teacher in the biological sciences should have 
a copy of this book at hand—it is without any question the defini- 


tive work in the field. 


By W. C. ALLEE, ALFRED E. EMERSON and THOMAS Park, Professors of Zoology. 
University of Chicago; ORLANDO PaRK, Professor of Zoology, Northwestern Uni- 
versity, and Karn P. Scumipt, Chief Curator of Zoology, Chicago Natural History 
Museum. 837 pages with 263 illustrations. $14.06, 


Abernethy’s Organic Chemistry * 


Biologically slanted, intelligently arranged and clearly written, 
this new text is very well suited for students in pre-medical, pre- 
dental and similar courses. The author has eliminated the non- 
essential material that tends to make organic textbooks encyclo- 
pedie and generally overwhelming to the beginning student, and 
yet he has not in any way neglected the fundamentals. 


By JoHN Leo ABERNETHY, Ph.D., Associate Professor of Chemistry, University of 
South Carolina. 317 pages, illustrated. $4.00. 


Clark, Nash & Fischer’s Quantitative Analysis 


& Classroom-tested procedures—that’s the important feature of this new book. 
The method of presentation used here has proven eminently successful over 


a period of years. 


By GeorcGe L. CLark, Ph.D., D.Se., Professor of Chemistry and Head of the Division of 
Analytical Chemistry, University of Illinois; LEonarpD K. Nasu, Ph.D., Assistant Professor of 
Chemistry, Harvard University ; and Ropert E. FiscHer, Ph.D., Assistant Professor of Chemis- 
try, Indiana University. 448 pages, illustrated. $4.25. 


W. B. SAUNDERS COMPANY 


Philadelphia 5 


West Washington Square 
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PLANE TRIGONOMETRY 


By Gorpon Fuuuer, Alabama Polytechnic Institute. In press 


A standard text for courses in all college mathematical departments. Both analytical and numerical trigonometry 
are treated and their interrelationship is adequately explained. Each new topic is abundantly illustrated, and the 
problems are worked out in detail. 


AN INTRODUCTION TO PLANT PHYSIOLOGY 


By Otis F. Curtis; and DanieL G. CuarK, Cornell University. In press 
Develops the basic principles of plant physiology and shows the bearing of these principles on the behaviors of 
plants under natural or controlled conditions. The result of twenty-five years of actual experimentation, the book 
emphasizes the practical application of theoretical principles. 


INDUSTRIAL ELECTROCHEMISTRY 

By CuHar.es L. MANTELL, Newark College of Engineering. In press 
Incorporating recent developments in electrochemical and electroprocess industries, this is a complete revision of 
a standard text. Much weight is placed on the engineering aspects of the electroprocess industries. The sections 
are rearranged for more modern coverage by the inclusion of new and current information. 


INTRODUCTION TO THE THEORY OF STATISTICS 

By ALEXANDER M. Moop, Rand Corporation, Santa Monica, California. In press 
Here is a text for a standard course in statistical theory which develops first the necessary concepts and models of 
probability theory, proceeds with distribution and sampling theories, and leads to a thorough exploration of the 
two major problems of scientific inference: the estimation of quantities and the testing of hypotheses. 


THE TRANSURANIUM ELEMENTS 
Edited by GLENN T. Seasorc, University of California, Berkeley; JosepH J. Katz, Argonne National Labo- 
ratory; and WINSTON M. MANNING, Argonne National Laboratory. National Nuclear Energy Series. Plu- 
tonium Project Record.* Division IV. Volume 14B. 1778 pages. Two parts (not sold separately), $15.00 
This work consists of more than 150 original papers dealing with the transuranium elements and cognate topics. 
The papers are devoted to the four known transuranium elements: neptunium, plutonium, americium and curium. 
There are several papers concerning radium, actinium, thorium, protactinium, and uranium, which are included for 
reference convenience. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 
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‘ 
2 
v4 
a | 
| 
: = = | 


SCIENCE 


Vol. 111 No. 2873 Friday, January 20, 1950 


On the Notions of Causality and 
Complementarity: Niels BOW OL 


In Memoriam 


Leonor Michaelis; Alfred Lee Franklin; 
Ralph R. Parker 55 


Technical Papers 
Carbon 14 Beta Track Autoradiography : 


George A. Boyd and Hilde Levi 
A Technique for Sectioning Microfossils : 

Stuart A. Levinson err) 
The Fate of Plasma Cells: P. Bueno +... 60 


Isolation of 17-Hydroxy 11-Dehydro 
Corticosterone (Kendall’s Compound E) 

from Urine of Normal Males: 

John J. Schneider 61 


Large Seale Paper Chromatography : 
Charles Yanofsky, Elga Wasserman, and 
David M. Bonner .......... ~ 


Table of Contents 


AAAS EDITORIAL BOARD 
(Terms Ezpire June 30, 1950) 
George A. Baitsell H. Bentley Glass 
Karl Lark-Horovitz 
Lorin J. Mullins Malcolm H. Soule 
Howard A. Meyerhoff 


Chairman 


Beth Wilson 
Executive Editor of Science 


F. A. Moulton, Advertising Representative 


Relationship in Mice of Intestinal Emptying 
Time and Natural Resistance to Pig Ascaris 


Electrometriec Titration of Some Functional 
Groups: T. Higuchi, Carl J. Lintner, 
and Robert H. Schleif 63 


Quantitative Evaluation of Gomori 
Histochemical Preparations: W. L. Doyle ..... 64 


Comparison of Electroencephalographs of 
Young Rats from Dams on Synthetie and on 


Normal Diets: M. D. Overholser et al. .......... 65 

Studies on the Life Cycle of Syphacia 

obvelata, a Common Nematode Parasite of 

Rats: Marjorie Jean Raecke Prince .................. 66 
Comments and Communications 

The Donora Episode; Molecular Orientation 

and Intracellular Photometrie Analysis ......... 67 
Scientific Book Register 74 
News and Notes 75 


Science, a weekly journal founded in 1880, is published 
each Friday by the American Association for the Advance- 
ment of Science at the Business Press, 10 McGovern Ave., 
Lancaster, Pa, Editorial and Advertising Offices, 1515 Massa- 
chusetts Ave., N.W., Washington 5, D. C. Telephone, Execu- 
tive 6060. Cable address, SCIMAG, Washington, D. C. 
Entered as second-class matter at the Post Office at Lancaster, 
Pa., January 13, 1948, under the Act of March 3, 1879. 
Acceptance for mailing at the special rate postage provided 
for in the Act of February 28, 1925, embodied in Paragraph 4, 
Sec. 538, P.L. and R., authorized January 13, 1948. 


Manuscripts submitted for publication should be sent to the 
Editorial Office, with stamped, self-addressed envelope enclosed 
for possible return. The AAAS assumes no responsibility for 
the safety of the manuscripts or for the opinions expressed 
by contributors. 


Annual subscription, $7.50; single copies, $.25; foreign 
postage, outside the Pan-American Union, $1.00; Canadian 


postage, $.50. Remittances and orders for subscriptions and 
single copies should be sent to the Circulation Department, 
Science, 1515 Massachusetts Ave., N.W., Washington 5, D. C. 
Membership correspondence for the AAAS should be addressed 
to the Administrative Secretary at the same address. 
Change of address. Four weeks’ notice is required for 
change of address. This should be sent to Science Recorder, 
1515 Massachusetts Ave., N.W.,Washington 5, D. C. When 
ordering a change, it is necessary to furnish an address stencil 
label from a recent issue. Claims for a missing number will 
not be allowed if received more than 60 days from date of 
issue. No claims allowed from subscribers due to failure to 


notify the Circulation Department of a change of address or 
because an issue is missing from their files, or for any reason 
from subscribers in Central Europe, Asia, or the Pacific Islands 
(other than Hawaii). 

The AAAS also publishes The Scientific Monthly. Subscrip- 
tion rates on request. 


3 

| 

| 
| 
on 
| 
| 

4 


4 SCIENCE January 20, 1950, Vol. 111 


Recent and forthcoming science texts 


General Chemistry 


A SYSTEMATIC APPROACH by SISLER, VANDERWERF & DAvIDSON 


This new book emphasizes the modern principles of atomic structure and the nature of 
the chemical bond. An abundance of descriptive, factual material is provided, organ- 
ized in terms of the theoretical principles involved. $5.00 


A Systematic Laboratory Course in General Chemistry 
by Sister & STEWART 


A manual designed to accompany General Chemistry—A Systematic Approach, this 
book is also suitable for beginning laboratory courses of varying backgrounds and ob- 
jectives. Ninety experiments have been included, organized with regard to each ex- 
periment’s relationship to the overall study of chemistry. To be published in March. 


Fundamentals of Organic Chemistry 
RevIsep Epition of Conant’s Organic Chemistry by Conant & Buatr 


A revision of an outstanding text in this field, this book is subtitled A Brief Course 
for Students Concerned with Biology, Medicine, Agriculture and Industry. Emphasis 
is placed on the biochemical and industrial aspects of organic chemistry. To be pub- 
lished in March. 


Man’s Physical Universe 
THIRD EDITION by ArrHurR T. BAWDEN 


This is the third edition of a highly successful text designed for survey courses in the 
physical sciences. The emphasis throughout is on the scientific attitude and method. 
The new edition brings up to date the applications of general principles, now includ- 
ing the important advances of the past decade. To be published in March. 


THE MACMILLAN COMPANY 60 Fifth Avenue, New York 11, N. Y. 
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New Lusteroid Cubes 


FOR HIGH SPEED CENTRIFUGING 


For Angle Heads on Multispeed Attachment See = 
When used in conjunction with the Multispeed Attach- | ) i 
300 


ment on the Reinforced Size 1, Type SB, Reinforced Size 
2 and Model PR-1 Centrifuges, Head No. 295 swings six 
10 ml. tubes at 18,000 r.p.m.; Head No. 296 swings four 
25 ml. tubes at 18,000 r.p.m. At these speeds the problem 
of glassware breakage can be overcome by the use of 
Lusteroid (celluloid) tubes. As illustrated here, they are 
designed as inserts for aluminum or stainless steel shields 
which fit directly into the holes in the head. Plastic caps 
are available with tapered flanges which not only effec- 
tively seal the Lusteroid tubes but also prevent the tubes 
collapsing at the top under the high centrifugal force 
(25,000 x gravity). 
295 Head, 6-place, Duralumin for No. 300 alu- 

minum tubes and No. 658 Lusteroid tubes $ 75.00 
300 Tube, Aluminum, with flanged cover. 

Capacity 10 ml. No rubber cushion re- 


quired. For No. 295 head only . . . ; 7.50 
658 Lusteroid Tube, 10 ml., for No. 300 ‘at: ‘ -10 
671 Plastic Cap for No. 658 Lusteroid tube. . -80 
296 Head, 4-place, Duralumin, for No. 298 

stainless steel tubes and No. 664 Lusteroid 

tubes. . . 83.00 

25 ml., for No. 296 head only ..... 8.00 
664 Lecteeekd Tube, 25 ml., for No. 298 tube. -15 
662 Plastic Cap for No. 664 Lusteroid tube . . 85 


For Large Capacity Angle Heads 
Head No. 840 swings six 125 ml. tubes at speeds up to 
5000 r.p.m. in the Size 1, Type SB, Size 2 and Model 
PR-1 Centrifuges. Head No. 845 swings eight 125 ml. 
tubes at speeds up to 4400 r.p.m. At these speeds Lusteroid 
tubes eliminate the problem of glassware breakage. When 
using the Lusteroid tubes, special rubber sleeve cushions 
No. 690 are also required. Plastic Caps No. 691 are avail- 
able to seal the Lusteroid tubes and prevent collapsing at 


the top. 
SA@ G-place. . $185.00 
845 Head, 8-place.. . . 
660 Lusteroid Tube, 125 for 
use in No. 690 ‘coshion .30 
690 Rubber Sleeve Cushion for ‘No. 660 
Lusteroid tube . . . 2.30 
691 Plastic Cap for No. 660 1.00 


Prompt delivery is available from your Laboratory 
Apparatus Supply Dealer. 
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By R. LEMBERG, Dr. Phil., Institute of Medical Research, 
Royal North Shore Hospital, Sydney, Australia, and J. W. 
LEGGE, M.Sc., Department of Biochemistry, University of 
Melbourne, Australia 


1949. 6x9 776 pages, 150 illus., 67 tables. $15.00 


This is the first comprehensive monograph in the English 
language on this highly complex chapter of biochemistry and 
physiology. It gathers special information for the research 
worker and at the same time summarizes the present state 
of our knowledge for the student and for workers in other 


fields. 


Vutersecence Sooke 
HEMATIN COMPOUNDS AND BILE PIGMENTS 


Their Constitution, Metabolism, and Function 


CONTENTS: 

1. Introduction. 2. Methods of Investiga- 
tion. 3. Porphyrin Chemistry. 4. Bile Pig- 
ments. 5. Hematin Compounds. 6. Hemo- 
globin. 7. Comparative Biochemistry of 
Hemoglobins. 8. Hematin Enzymes, I. 
The Cytochrome System. 9. Hematin En- 
zymes, II. 10. Chemical Mechanism of 
Bile Pigment Formation and Other Irre- 
versible Alterations of Hemoglobin. 11. 
Hemoglobin Catabolism, I. Breakdown to 
Bile Pigments. 12. Hemoglobin Catabolism, 
II. Hematin and Porphyrins. 13. Forma- 
tion of Hemoglobin and Synthesis of Por- 
phyrins in the Animal Body. 14. Pyrrole 
Pigments in Evolution. 


FLUORESCENCE AND PHOSPHORESCENCE 


By PETER PRINGSHEIM, Argonne National Laboratory, 
Chicago, Ill. 


1949. 6x9 810 pages, 219 illus., 140 tables $15.00 


A critical survey of the entire field and a systematic ac- 
count of theory, of analysis of fluorescence and phospho- 
rescence spectra, and of the fluorescence and phosphorescence 
characteristics of substances, like dyes and paints, which 
are of technological interest. An exhaustive bibliography 
of well over 2000 entries is added. 


BIOPHYSICAL RESEARCH METHODS 


Prepared by a Group of Specialists under the Editorship of 
FRED M. UBER, Navy Electronics Laboratory, San Diego, 
Calif. 

February 1950. 6x9 678 pages, 141 illus., 26 tables. $9.50 


CONTENTS: 

1. Avoid Fruitless Experiments (Fred M. Uber). 2. Osmotic Pressure 
Measurements (David R. Briggs). 3. Centrifugation (E. G. Pickels). 
4. Viscosity Measurements (L. V. Heilbrunn). 5. Temperature Determina- 
tions (Lawrence R. Prouty and James D. Hardy). 6. Calorimetric Meas- 
urements (Max Kleiber). 7. Quick-Freezing and the Freezing-Drying 
Process (Earl W. Flosdorf). 8. Bioelectric Measurements (Howard J. 
Curtis). 9. Electrophoresis (David R. Briggs). 10. Ultrasonic Vibrations 
(Earle C. Gregg, Jr.). 11. When to Use Special Microscopes (Oscar W. 


CONTENTS: 

Introduction 

PART I. Fluorescence of Gases and Va- 
pors. 

1. Monatomic Gases and Vapors 

2. Diatomic Gases and Vapors 

3. Polyatomic Gases and Vapors 


PART II. Fluorescence and Phosphores- 
cence of Condensed Systems. 

4. General Survey 

5. Fluorescence of Organic Compounds 

6. Luminescence of Pure Inorganic Com- 
pounds 

7. Crystal Phosphors 


Richards). 12. Electron Microscopy (James 
Hillier). 13. Action Spectra and Absorption 
Spectra (Harold F. Blum). 14. X Rays 
and X Irradiation ( John W. Gowen). 15. 
Electrons, Neutrons, and Alpha Particles 
(L. H. Gray). 16. Stable Isotopes as 
Tracers (Fred M. Uber). 17. Radioactive 
Tracers (Adolf F. Voigt). 


All books available on approval. Request our latest catalog. 


INTERSCIENCE PUBLISHERS, INC., 215 Fourth Avenue, New York 3, N. Y. 
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New Addition to the Literature in Research 


by Robertson Pratt, Ph.D., Associate Professor of Pharmacognosy 
and Plant Physiology, University of California College of Pharmacy; Con- 
sultant on Antibiotic Research. 


and Jean Dufrenoy, D.Sci. ( PARIS), Research Associate in Anti- 
biotics, University of California College of Pharmacy. 


This new book crystallizes basic concepts in antibiotics and 
antibiotic chemotherapy—integrating those facts and _ prin- 


ciples relating to recent and current studies. 


It presents a general survey of the medical, pharmaceutical, 
industrial and commercial aspects of the field of antibiotics— 
including findings on the newer chloromycetin, aureomycin, 
polymyxin, tyrothricin and others. 

Information hitherto widely scattered throughout the liter- 
ature is now collated in this book. Important critical review 
papers are listed, as well as the principal scientific articles of 
historical interest. 


NEW! 255 Pages. 66 Illustrations. $5.00 


| J. B. Lippincott Company, East Washington Square, Philadelphia 5, Pa. 


| Please enter my order and send me: [] Pratt & Dufrenoy, A ag alia 
y, ANTIBIOTICS, $5.00. tt 
| Lippinco 


Cash enclosed Charge my account 
‘Books 


Philadelphia * London « Montreal 
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A COMPACT PHOTOMICROGRAPHIC 


DEPARTMENT... ree 


This unit, properly supplemented, will handle all types of 
photomicrography. Every component has been designed 
to give you new adaptability, speed, ease and efficiency in: 


q Visual Microscopy 


High Power Photomicrogra- 

2 Hig g 
phy, with Transparent and 
Opaque Specimens 


3 Low Power Photomicrogra- 
phy, with Transparent and 
Opaque Specimens 


WRITE for your copy of detailed, 
informative Catalog No. E-210, to 
Bausch & Lomb Optical Co., 642-R 
St. Paul St., Rochester 2, N. Y. 
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On the Notions of Causality and Complementarity’ 


Niels Bohr 


Institute for Theoretical Physics, University of Copenhagen, Denmark 


HE CAUSAL MODE of description has deep 

roots in our conscious endeavors to utilize 

experience for practical adjustment to our 

environments, and is in this way inherently 
incorporated in common language. By the guidance 
which analysis in terms of cause and effect has offered 
in many fields of human knowledge, the principle of 
causality has even come to stand as the ideal for sci- 
entific explanation. 

In physies, causal description, originally adapted to 
the problems of mechanics, rests on the assumption 
that the knowledge of the state of a material system 
at a given time permits the prediction of its state at 
any subsequent time. Here, however, already the defi- 
nition of state requires special consideration and it 
need hardly be recalled that an adequate analysis of 
mechanical phenomena was possible only after the 
recognition that, in the account of a state of a system 
of bodies, not merely their location at a given moment 
but also their velocities have to be included. 

In elassical mechanics, the forces between bodies 
were assumed to depend simply on the instantaneous 
positions and velocities; but the discovery of the re- 
tardation of electromagnetic effects made it necessary 
to consider force fields as an essential part of a phys- 
ical system, and to include in the description of the 
state of the system at a given time the specification of 
these fields in every point of space. Yet, as is well 
known, the establishment of the differential equations 
connecting the rate of variation of electromagnetic 
intensities in space and time has made possible a 
description of electromagnetic phenomena in complete 
analogy to causal analysis in mechanies. 

It is true that, from the point of view of relativistic 
argumentation, such attributes of physical objects as 
position and velocity of material bodies, and even 
electric or magnetic field intensities, ean no longer be 


1 The purpose of this article is to give a very brief survey 
of some epistemological problems raised in atomic physics. 
It was originally published in Dialectica, International Re- 
view of the Philosophy of Knowledge, Editions du Griffon, 
Neuchatel, Switzerland, Vol. 7/8 (1948), p. 312. A fuller 
account of the historical development, illustrated by typical 
examples which have served to clarify the general principles, 
is included in a chapter of Albert Einstein: Philosopher-sci- 
entist, being published by The Library of Living Philosophers, 
Ine., Evanston, Illinois, under the editorship of Paul Arthur 
Sehilpp. 


given an absolute content. Still, relativity theory, 
which has endued classical physics with unprece- 
dented unity and scope, has just through its elucida- 
tion of the conditions for the unambiguous use of 
elementary physical concepts allowed a concise formu- 
lation of the principle of causality along most gen- 
eral lines. 

However, a wholly new situation in physical science 
was created through the discovery of the universal 
quantum of action, which revealed an elementary 
feature of “individuality” of atomie processes far be- 
yond the old doctrine of the limited divisibility of 
matter originally introduced as a foundation for a 
causal explanation of the specifie properties of mate- 
rial substanees. This novel feature is not only en- 
tirely foreign to the classical theories of mechanics 
and electromagnetism, but is even irreconcilable with 
the very idea of causality. 

In fact, the specification of the state of a physical 
system evidently cannot determine the choice between 
different individual processes of transition to other 
states, and an account of quantum effects must thus 
basically operate with the notion of the probabilities 
of occurrence of the different possible transition 
processes. We have here to do with a situation essen- 
tially different in character from the recourse to sta- 
tistical methods in the practical dealing with compli- 
eated systems that are assumed to obey laws of elas- 
sieal mechanies. 

The extent to which ordinary physical pictures fail 
in accounting for atomic phenomena is strikingly illus- 
trated by the well-known dilemma concerning the cor- 
puscular and wave properties of material particles as 
well as of electromagnetic radiation. It is further im- 
portant to realize that any determination of Planck’s 
constant rests upon the comparison between aspects 
of the phenomena which ean be described only by 
means of pictures not combinable on the basis of 
classical physical theories. These theories indeed rep- 
resent merely idealizations of asymptotic validity in 
the limit where the actions involved in any stage of 
the analysis of the phenomena are large compared 
with the elementary quantum. 

In this situation, we are faced with the necessity 
of a radical revision of the foundation for description 
and explanation of physical phenomena. Here, it 
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must above all be recognized that, however far quan- 
tum effects transcend the scope of classical physical 
analysis, the account of the experimental arrangement 
and the record of the observations must always be 
expressed in common language supplemented with the 
terminology of classical physics. This is a simple 
logical demand, since the word “experiment” can in 
essence be used only in referring to a situation where 
we can tell others what we have done and what we 
have learned. 

The very fact that quantum phenomena cannot be 
analyzed on classical lines thus implies the impossi- 
bility of separating a behavior of atomic objects from 
the interaction of these objects with the measuring 
instruments which serve to specify the conditions 
under which the phenomena appear. In particular, 
the individuality of the typical quantum effects finds 
proper expression in the circumstance that any at- 
tempt at subdividing the phenomena will demand a 
change in the experimental arrangement, introducing 
new sources of uncontrollable interaction between ob- 
jects and measuring instruments. 

In this situation, an inherent element of ambiguity 
is involved in assigning conventional physical attri- 
butes to atomic objects. A clear example of such an 
ambiguity is offered by the dilemma mentioned, as to 
the properties of electrons or photons, where we are 
faced with the contrast revealed by the comparison 
between observations regarding an atomic object, ob- 
tained by means of different experimental arrange- 
ments. Such empirical evidence exhibits a novel type 
of relationship, which has no analogue in classical 
physies and which may conveniently be termed com- 
plementarity in order to stress that in the contrasting 
phenomena we have to do with equally essential 
aspects of all well-defined knowledge about the objects. 

An adequate tool for the complementary mode of 
description is offered by the quantum-mechaniecal for- 
malism, in which the canonical equations of classical 
mechanics are retained while the physical variables are 
replaced by symbolic operators subjected to a non- 
commutative algebra. In this formalism Planck’s con- 
stant enters only in the commutation relations 


— h 
qp-pq=V-1 (1) 
between the symbols q and p standing for a pair of 
conjugate variables, or in the equivalent representa- 
tion by means of the substitutions of the type 
On dq (2) 
by which one of each set of conjugate variables is re- 
placed by a differential operator. According to the 
two alternative procedures, quantum-mechanical caleu- 
lations may be performed either by representing the 
variables by matrices with elements referring to the 


individual transitions between two states of the system 
or by making use of the so-called wave equation, the 
solutions of which refer to these states and allow us 
to derive probabilities for the transitions between 
them. 

The entire formalism is to be considered as a tool 
for deriving predictions, of definite or statistical char- 
acter, as regards information obtainable under experi- 
mental conditions described in classical terms and 
specified by means of parameters entering into the 
algebraic or differential equations of which the mat- 
rices or the wave functions, respectively, are solutions. 
These symbols themselves, as is indicated already by 
the use of imaginary numbers, are not susceptible to 
pictorial interpretation; and even derived real fune- 
tions like densities and currents are only to be re- 
garded as expressing the probabilities for the oceur- 
rence of individual events observable under well-de- 
fined experimental conditions. 

A characteristic feature of the quantum-mechanical 
description is that the representation of a state of a 
system can never imply the accurate determination of 
both members of a pair of conjugate variables q and p. 
In fact, due to the noncommutability of such variables, 
as expressed by (1) and (2), there will always be a 
reciprocal relation 


Ag: (3) 


between the latitudes Ag and Ap with which these vari- 
ables can be fixed. These so-called indeterminacy re- 
lations explicitly bear out the limitation of causal 
analysis, but it is important to recognize that no un- 
ambiguous interpretation of such relations can be 
given in words suited to describe a situation in which 
physical attributes are objectified in a classical way. 

Thus, a sentence like “we cannot know both the 
momentum and the position of an electron” raises at 
once questions as to the physical reality of such two 
attributes, which can be answered only by referring 
to the mutually exclusive conditions for the unam- 
biguous use of space-time coordination, on the one 
hand, and dynamical conservation laws, on the other. 
In fact, any attempt at locating atomic objects in 
space and time demands an experimental arrangement 
involving an exchange of momentum and energy, un- 
controllable in principle, between the objects and the 
seales and clocks defining the reference frame. Con- 
versely, no arrangement suitable for the control of 
momentum and energy balance will admit precise de- 
scription of the phenomena as a chain of events in 
space and time. 

Strictly speaking, every reference to dynamical con- 
cepts implies a classical mechanical analysis of phys- 
ical evidence which ultimately rests on the recording 
of space-time coincidences. Thus, also in the deserip- 
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tion of atomic phenomena, use of momentum and 
energy variables for the specification of initial con- 
ditions and final observations refers implicitly to such 
analysis and therefore demands that the experimental 
arrangements used for the purpose have spatial di- 
mensions and operate with time intervals sufficiently 
large to permit the neglect of the reciprocal indeter- 
minacy expressed by (3). Under these circumstances 
it is, of course, to a certain degree a matter of con- 
venience to what extent the classical aspects of the 
phenomena are included in the proper quantum-me- 
chanical treatment where a distinction in principle is 
made between measuring instruments, the deseription 
of which must always be based on space-time pictures, 
and objects under investigation, about which observ- 
able predictions can in general be derived only by the 
nonvisualizable formalism. 

Incidentally, it may be remarked that the construe- 
tion and the functioning of all apparatus like dia- 
phragms and shutters, serving to define geometry and 
timing of the experimental arrangements, or photo- 
graphic plates used for recording the localization of 
atomic objects, will depend on properties of materials 
which are themselves essentially determined by the 
quantum of action. Still, this cireumstanee is irrele- 
vant for the study of simple atomie phenomena where, 
in the specification of the experimental conditions, we 
may to a very high degree of approximation disregard 
the molecular constitution of the measuring instru- 
ments. If only the instruments are sufficiently heavy 
compared with the atomic objects under investigation, 
we can in particular neglect the requirements of rela- 
tion (3) as regards the control of the localization in 
space and time of the single pieces of apparatus rela- 
tive to each other. 

In representing a generalization of classical me- 
chanics suited to allow for the existence of the quan- 
tum of action, quantum mechanies offers a frame suffi- 
ciently wide to account for empirical regularities 
which cannot be comprised in the classical way of 
description. Besides the characteristic features of 
atomic stability, which gave the first impetus to the 
development of quantum mechanies, we may here refer 
to the peculiar regularities exhibited by systems com- 
posed of identical entities, such as photons or elec- 
trons, and determining for radiative equilibrium or 
essential properties of material substances. As is well 
known, these regularities are adequately described by 
the symmetry properties of the wave functions repre- 
senting the state of the whole systems. Of course, 
such problems cannot be explored by any experimental 
arrangement suited for the tracing in space and time 
of each of the identical entities separately. 

It is furthermore instructive to consider the condi- 
tions for the determination of positional and dynam- 


ical variables in a state of a system with several atomic 
constituents. In fact, although any pair, q and p, of 
conjugate space and momentum variables obeys the 
rule of noncommutative multiplication expressed by 
(1), and thus ean be fixed only with reciprocal lati- 
tudes given by (3), the difference q,— 4. between the 
space coordinates referring to two constituents of a 
system will commute with the sum p, + p. of the corre- 
sponding momentum components, as follows directly 
from the commutability of q, with p, and of q, with 
p,;- Both q,—q. and p,+p, ean, therefore, be ac- 
curately fixed in a state of the complex system and we 
can consequently predict the value of either q, or p, 
if either q, or p. respectively, is determined by di- 
rect measurement. Since at the moment of measure- 
ment the direct interaction between the objects may 
have ceased, it might thus appear that both q, and p, 
were to be regarded as well-defined physical attributes 
of the isolated object and that, therefore, as has been 
argued, the quantum-mechanical representation of a 
state should not offer an adequate means of a complete 
description of physical reality. With regard to such 
an argument, however, it must be stressed that any two 
arrangements which admit accurate measurements of 
q. and p, will be mutually exclusive and that therefore 
predictions as regards q, or p, respectively, will per- 
tain to phenomena which basically are of comple- 
mentary character. 

As regards the question of the completeness of the 
quantum-mechanical mode cf description, it must be 
recognized that we are dealing with a mathematically 
consistent scheme which is adapted within its scope 
to every process of measurement and the adequacy of 
which can be judged only from a comparison of the 
predicted results with actual observations. In this 
connection, it is essential to note that, in any well- 
defined application of quantum mechanies, it is neces- 
sary to specify the whole experimental arrangement 
and that, in particular, the possibility of disposing of 
the parameters defining the quantum-mechanieal prob- 
lem just corresponds to our freedom of constructing 
and handling the measuring apparatus, which in turn 
means the freedom to choose between the different 
complementary types of phenomena we wish to study. 

In order to avoid logical inconsistencies in the ae- 
count of this unfamiliar situation, great care in all 
questions of terminology and dialectics is obviously 
imperative. Thus, phrases often found in the phys- 
ical literature, like “disturbance of phenomena by ob- 
servation” or “creation of physical attributes of ob- 
jects by measurements,” represent a use of words like 
phenomena and observation as well as attribute and 
measurement which is hardly compatible with com- 
mon usage and practical definition and, therefore, is 


apt to cause confusion. As a more appropriate way 
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of expression, one may strongly advocate limitation of 
the use of the word phenomenon to refer exclusively 
to observations obtained under specified circumstances, 
including an account of the whole experiment. 

With this terminology, the observational problem in 
atomic physics is free of any special intricacy, since in 
actual experiments all evidence pertains to observa- 
tions obtained under reproducible conditions and is 
expressed by unambiguous statements referring to the 
registration of the point at which an atomic particle 
arrives on a photographic plate or to a corresponding 
record of some other amplification device. Moreover, 
the circumstance that all such observations involve 
processes of essentially irreversible character lends to 
each phenomenon just that inherent feature of com- 
pletion which is demanded for its well-defined inter- 
pretation within the framework of quantum mechanics. 

Recapitulating, the impossibility of subdividing the 
individual quantum effects and of separating a be- 
havior of the objects from their interaction with the 
measuring instruments serving to define the conditions 
under which the phenomena appear implies an am- 
biguity in assigning conventional attributes to atomic 
objects which calls for a reconsideration of our atti- 
tude towards the problem of physical explanation. In 
this novel situation, even the old question of an ulti- 
mate determinacy of natural phenomena has lost its 
conceptional basis, and it is against this background 
that the viewpoint of complementarity presents itself 
as a rational generalization of the very ideal of 
causality. 

The complementary mode of description does indeed 
not involve any arbitrary renunciation of customary 
demands of explanation but, on the contrary, aims at 
an appropriate dialectic expression for the actual con- 
ditions of analysis and synthesis in atomic physics. 
Incidentally, it would seem that the recourse to three- 
valued logic, sometimes proposed as means for deal- 
ing with the paradoxical features of quantum theory, 
is not suited to give a clearer account of the situation, 
since all well-defined experimental evidence, even if 
it cannot be analyzed in terms of classical physics, 
must be expressed in ordinary language making use 
of common logie. 


The epistemological lesson we have received from 
the new development in physical science, where the 
problems enable a comparatively concise formulation 
of principles, may also suggest lines of approach in 
other domains of knowledge where the situation is of 
essentially less accessible character. An example is 
offered in biology, where mechanistic and vitalistie 
arguments are used in a typically complementary 
manner. In sociology, too, such dialectics may often 
be useful, particularly in problems confronting us in 
the study and comparison of human cultures, where 
we have to cope with the element of complacency in- 
herent in every national culture and manifesting itself 
in prejudices which obviously cannot be appreciated 
from the standpoint of other nations. 

Recognition of complementary relationship is not 
least required in psychology, where the conditions for 
analysis and synthesis of experience exhibit striking 
analogy with the situation in atomic physics. In fact, 
the use of words like thoughts and sentiments, equally 
indispensable to illustrate the diversity of psychical 
experience, pertain to mutually exclusive situations 
characterized by a different drawing of the line of 
separation between subject and object. In particular, 
the place left for the feeling of volition is afforded by 
the very circumstance that situations where we experi- 
ence freedom of will are incompatible with psycho- 
logical situations where causal analysis is reasonably 
attempted. In other words, when we use the phrase 
“T will” we renounce explanatory argumentation. 

Altogether, the approach towards the problem of 
explanation that is embodied in the notion of comple- 
mentarity suggests itself in our position as conscious 
beings and recalls forcefully the teaching of ancient 
thinkers that, in the search for a harmonious attitude 
towards life, it must never be forgotten that we our- 
selves are both actors and spectators in the drama of 
existence. To such an utterance applies, of course, as 
well as to most of the sentences in this article from 
the beginning to the end, the recognition that our task 
can only be to aim at communicating experiences and 
views to others by means of language, in which the 
practical use of every word stands in a complementary 
relation to attempts of its strict definition. 
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Leonor Michaelis: 1875-1949 


CIENCE lost a remarkable character in the 

death of Leonor Michaelis on October 8, 1949. 

In the early years of his academic career he 

contributed to embryology and histology and 
in the closing years he was applying magnetochem- 
istry to his studies of semiquinones. In the interval 
he pioneered in the application of the theory of acid- 
base equilibria to biological problems, he propounded 
that theory of the competitive action of inhibitors 
which governs a large sector of this field of enzy- 
mology, he contributed invaluable data on semiper- 
meable membranes, and he developed by means of 
numerous specific cases his theory of single electron 
exchange in oxidation-reduction systems. 

These are but a few of the many topics which might 
be cited to show the range of his interests. But no 
citation of a mere bibliography would suffice to convey 
the flavor of his writing. Dr. Michaelis seems to have 
had a passion for seeking the broad generalization, yet 
this was always tempered by the realization that each 
investigation must be so restricted as to be amenable to 
quantitative study and so ean cover but a small sector 
ot the field. Thus the readers of each of his many 
papers must have said to themselves: Here is some- 
thing that is good in itself and has broad implications. 

Born in Berlin, Michaelis beeame cosmopolitan in 
science, art and the world. An embryologist under 
Hertwig, a histologist under Paul Ehrlich, a bacteri- 
ologist in Rona’s laboratory, Michaelis himself inclined 
toward the application of physicochemical principles 
to biological and biochemical problems. 
that as the years passed he became an author of texts 
on applied mathematics, hydrogen ions, and oxidation- 
reduction, and of articles on potentiometry and mag- 
netochemistry. Withal, he found time to indulge his 
love of music and characteristically he carried on to 
original composition and to the entertainment of his 
friends with charming improvisations on the piano. 
The year 1922 found him in Japan studying semi- 
permeable membranes and the effects of electrolytes 
on colloids. Four years later he displayed his broad 
knowledge in consulting with members of the Depart- 
ment of Medicine at Hopkins. Thence he went to the 
Rockefeller Institute for Medical Research, where he 
became a member. It was there that Michaelis devel- 
oped his theory of semiquinones and isolated and char- 
acterized ferritin. He became an American citizen 
and a member of the National Academy of Sciences. 

After age had forced his formal retirement, Dr. 
Michaelis remained the enthusiastie investigator and 


So it was 


displayed his eagerness to be helpful. At a confer- 
ence there arose for the moment a question regarding 
bond energies which he undertook to explain. When 
the questioners swung to the more elementary matters 
Dr. Michaelis offered to organize a class on the ap- 
plication of quantum mechanics to valence problems. 

There is a passage in a translation of The book of 
the courtier by the Rennaissance author, Castiglione, 
that reads: “That therefore which is the principall 
matter and necessarie for a Courtier to speake and 
write well I believe is knowledge. For he that hath 
not knowledge and the thing in his mind that deserveth 
to bee understood can neither speake nor write well.” 
Leonor Michaelis always knew of what he spoke and 
this shows and shines in his writings. We in America 
did not know him as a teacher in a teaching post. 
But whether in casual conversation, in a conference 
where he was at the fore in preserving perspective, or 
in his books, we knew him as a great teacher. He 
had the thing in mind that deserveth to be understood 
and frequently it was a subject new at the time to 
biologist or biochemist and that should be understood 
as prerequisite to the next advance. 

As one whose work occasionally overlapped that of 
Dr. Michaelis, I wish to say that he taught me much 
and that true to the instincts of a good teacher he 
generously ignored the fact that I had had an oppor- 
tunity to find what he later discovered. I am sure 
I speak for a host of friends in saying that we shall 
miss his sprightly manner and keen remarks at meet- 
ings and that for a long time to come we shall be 
studying several of his scientific papers. 

W. MANSFIELD CLARK 
The Johns Hopkins School of Medicine 
Baltimore, Maryland 


Alfred Lee Franklin: 1919-1949 


LFRED FRANKLIN, biochemist, died of 
nephritis in the Cedars of Lebanon Hos- 
pital, Los Angeles, on March 25 at the age 
of 29. He was born in Los Angeles and 

was graduated from the University of California, 
where he received the degrees of A.B. in 1942 and 
Ph.D. in 1946. 

During his short but brilliant scientific career he 
published several important findings. He reported 
the effect of goitrogens on the utilization of iodine by 
the thyroid gland. He observed that an antagonist of 
folie acid would reduce the white blood cell count of 
rats to extremely low levels. This observation was 
made the basis of a proposal that folie acid antagonists 
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should be used to control certain blood dyserasias. He 
studied the metabolism of folie acid and its conjugates, 
the effects of thiouracil when used in fattening pigs 
and chickens, and the amino acid composition of the 
pituitary growth hormone. He collaborated in in- 
vestigations of the animal protein factor and in the 
assay of the antipernicious anemia factor. He was a 
member of the Society for Experimental Biology and 
Medicine and the American Chemical Society. His 
personality was vigorous, forthright, and engaging, 
and his life showed great promise. 

Tuomas H. JUKES 
Lederle Laboratories Division 
American Cyanamid Company, 
Pearl River, New York 


Ralph R. Parker: 1888-1949 


HE LIFE of Ralph Robinson Parker was 

closely associated with the long history of 

the study of Rocky Mountain spotted fever 

and the development of the Rocky Mountain 
Laboratory, a story which in some respects is unique 
in medical history. 

Parker, born in Malden, Massachusetts, was edu- 
cated in entomology at the Massachusetts Agricultural 
College (now the University of Massachusetts). His 
father was a physician and was at one time in charge 
of a leprosarium maintained by the city of Boston. 
While a graduate student, Parker conducted a study 
on the possible relationship of flies to transmission of 
leprosy, which was the subject of his first recorded 
publication, in May 1914. 

While working for his doctorate in 1914, Parker was 
invited to come to Montana by Robert E. Cooley, who 
had been state entomologist since 1903, and who was 
one of the pioneer figures in the study of Rocky Moun- 
tain spotted fever. Among Cooley’s many responsi- 
bilities was investigating the possible relationship of 
flies to typhoid fever, which was widespread in Mon- 
tana, and young Parker spent the summer of 1914 
studying flies in the Yellowstone Valley. In 1915 
Rocky Mountain spotted fever was recognized for the 
first time in eastern Montana, and Cooley assigned 
Parker to make preliminary studies on tick infesta- 
tion on the Powder River. The next year, having re- 
ceived his Ph.D., Parker returned to Montana, this 
time permanently, with his bride. They lived in a log 
eabin on the Powder River, and Mrs. Parker spent 
the spring and summer assisting her husband in eol- 
lecting ticks from a wide variety of animals which he 
shot and trapped. 

After a year studying ticks on the Musselshell River, 
Parker was assigned to the spotted fever work in the 
Bitter Root Valley and in 1918 set up his laboratory 


in a woodshed at the town of Victor. By that time, 
the natural history of Rocky Mountain spotted feve~ 
had come to be fairly well understood. Known in the 
Bitter Root Valley since 1873, the disease was greatly 
feared because of its high mortality. Earle Strain, of 
Great Falls, had suggested in 1902 that ticks might be 
the vector of spotted fever, which up to that time was 
believed to be caused by the drinking of melted snow 
water. L. B. Wilson and W. M. Chowning, of the 
University of Minnesota, had gone to the Bitter Root 
Valley in 1902 at the suggestion of A. F. Longeway, 
the Montana state health officer, and after several 
years of study they became convinced that ticks were 
responsible for the transmission of the disease, but it 
remained for H. T. Ricketts, of the University of 
Chicago, to make the actual demonstration in 1906. 
(Drs. MeCalla and Brereton in Idaho had earlier al- 
lowed a tick from a spotted fever patient to bite a 
volunteer, who subsequently developed the disease, but 
their experiment was not published.) 

At the time of Dr. Parker’s move to Victor, the 
problem of Rocky Mountain spotted fever had become 
largely one of how to develop existing knowledge in 
order to bring about a reduction in the extent of in- 
fection. Parker devoted his efforts to extending the 
areas of control, systematizing methods of decreasing 
the tick population, and learning more about the fac- 
tors influencing the propagation of the infection in 
ticks. Methods of control then in use did not prove 
satisfactory, and the death from spotted fever of a 
prominent Missoula citizen and his wife in 1921 led to 
an appeal to the U. S. Public Health Service to re- 
enter the spotted fever studies, from which it had with- 
drawn in 1917 after an active part in the earlier in- 
vestigations in the Bitter Root. As a result of this 
appeal, Thomas Parran, who was later to become 
surgeon general of the Public Health Service, was 
sent by the then surgeon general, Hugh S. Cumming, 
to the Bitter Root in 1921. Parran recommended that 
the Public Health Service renew the studies on spotted 
fever, and as a result Parker was appointed as a spe- 
cial expert, and a new laboratory was established in 
an abandoned school building west of Hamilton. This 
marked the actual birth of the Rocky Mountain Lab- 
oratory, as it is known today. Parker was designated 
as officer in temporary charge at the time of the open- 
ing of the laboratory in 1921, and from then on, until 
the time of his death 28 years later, he was either in 
actual charge of operations of the laboratory or taking 
a leading part in them. 

In 1922, R. R. Spencer, of the Public Health 
Service, was assigned to take charge of the Rocky 
Mountain Laboratory, and for six years he and Parker 
collaborated in a wide variety of studies on spotted 
fever and other diseases. This collaboration is most 
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noteworthy, because it resulted in the development of 
a vaccine, prepared from infected ticks, which was 
capable of immunizing human beings against Rocky 
Mountain spotted fever. Spencer prepared the first 
vaccine during the winter of 1923-24 while he was 
at the Hygienic Laboratory in Washington, and was 
himself the first person to be inoculated. Subse- 
quently, he and Parker were able to demonstrate its 
effectiveness in experimental animals and in humans. 

Construction of a new laboratory at Hamilton was 
begun in 1927. This building was constructed chiefly 
for the preparation of tick vaccine and continuation 
of studies on spotted fever. The Public Health Ser- 
vice purchased the building in 1930, and with sub- 
sequent additions it constitutes the present Rocky 
Mountain Laboratory. 

While Parker’s initial interest in the Bitter Root 
was the relationship of ticks to spotted fever, his sci- 
entific curiosity was tremendous, and during the course 
of an unusually productive career he turned his at- 
tention to a wide variety of diseases to which he was 
wont to refer as “diseases of nature,” by which he 
meant diseases of indigenous animals communicable 
to man, usually via arthropods. In 1923, Parker, 
Spencer, and Edward Francis published the first re- 
port of tularemia in ticks, indicating that this infee- 
tion could be contracted from sources other than direct 
contacts with rabbits or bites of deer flies. From then 
on, tularemia was one of Parker’s major interests, and 
he was actively concerned in investigations, not only 
on its transmission by ticks and on differing mani- 
festations in various species of mammalian hosts, but 
also upon the widespread contamination of natural 
streams of water in the West with the organism 
Pasteurella tularensis, first reported by him and his 
colleagues in 1940. Ever eager to turn his attention 
to new fields, he became interested in the study of Q 
fever after the causative organism had been recovered 
from ticks by the staff of the Rocky Mountain Labora- 
tory in 1939, and he participated in the recent exten- 
sive studies on this subject, which are still in progress. 
Among what he ealled diseases of nature is plague, 
which was recognized in Montana in 1935, for the first 
time, as a result of work by the staff of the Rocky 
Mountain Laboratory. With his colleagues, he de- 
seribed the rickettsial disease of the tick Amblyomma 
maculatum in 1939, and was engaged up to the time 
of his death in studying the relationship between this 
disease and spotted fever. 

As the manufacture of Rocky Mountain spotted 


fever vaccine became a major operation at the Ham- 
ilton laboratory, which was the only source of such 
material for many years, Parker was impressed with 
the fact that the procedure was cumbersome and ex- 
pensive and should be improved. He was instrumen- 
tal in getting Herald R. Cox to join the staff of the 
laboratory in order to investigate this problem, with 
the result that Cox developed the chick embryo type 
of vaccine which is now the standard method of im- 
munization against spotted fever. 

When the Publie Health Service was faced with the 
necessity of providing yellow fever vaccine shortly 
before the beginning of World War II, Parker, with 
characteristic energy, made the facilities of the Rocky 
Mountain Laboratory available, and the vaecine was 
produced there al! through the war under the direct 
supervision of Mason V. Hargett, who joined the staff 
for that purpose. This still remains the only source 
of yellow fever vaccine in North America. 

Parker implemented his boundless scientifie curi- 
osity with a tremendous industry and a most unusual 
capacity for work. From 1914 to 1949, he was the 
author or joint author of 145 scientific papers on 
entomology and the diseases of nature. The Rocky 
Mountain Laboratory, with which almost his entire 
adult life was so intimately bound up, and which 
must be considered a monument to his ability and 
industry, is now known throughout the world wherever 
biological science is known. Probably nowhere today 
do better facilities exist for complete and thorough 
studies of the diseases of nature, and the staff Parker 
attracted to Hamilton comprises specialists, partieu- 
larly in entomology, who are respected throughout the 
world as authorities in their fields. As knowledge in- 
creased relative to the natural history of the diseases 
in which Parker and his staff were interested, he added 
men trained in biochemistry, immunology, bacterial 
physiology, and virology to complement the renowned 
group of entomologists and bacteriologists who have 
been at Hamilton for many years. 

Dr. Parker died suddenly on September 4, without 
previous illness and while at the very peak of scientifie 
and administrative activity. He was enthusiastically 
concerned with scientific investigations and with fur- 
ther development of the Hamilton laboratory to the 
time of his death. 

Victor H. Haas 
Microbiological Institute 
National Institutes of Health 
Bethesda, Maryland 
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Carbon 14 Beta Track Autoradiography”? 


George A. Boyd and Hilde Levi* 


Department of Radiatiou Biology, 

University of Rochester, Rochester, New York 
and Zoophysiological Laboratory, 

University of Copenhagen, Copenhagen, Denmark 


Autoradiographs produced by beta particles from his- 
tological specimens have until now consisted of randomly 
distributed silver grains. As a beta particle passes 
through an emulsion of low sensitivity, only a small num- 
ber of grains are made developable. The random dis- 
tribution of these grains (in some cases only one grain 
per beta particle is produced) does not give a character- 
istic signature of the path sufficient to identify a single 
disintegrating atom. 

Such a signature, or track, of alpha particles has been 
used to detect alpha-emitting atoms in tissues (4). When 
the tissue is placed directly on the emulsion, location of 
a distintegrated atom can be approximated in the cell 
by changing the focal plane of the microscope, thereby 
following the track to its origin at the surface of the 
emulsion just beneath the cell. 

Alpha particles, whose energies and ionizing potentials 
are much higher than those of beta particles, give well- 
defined, straight tracks of developed silver grains in nu- 
elear track emulsions. Until recently none of the nuclear 
track emulsions would show beta tracks. Photographic 
manufacturers in England and in this country have now 
developed emulsions which show tracks of beta particles 
approaching an energy of one Mev. These 
have been so sensitive that long exposures of histological 
specimens having a low concentration of, for example, C™, 
This is owing to an ac- 
cumulation of a large background of tracks from cosmic 
events. The Eastman Kodak Research Laboratory re- 
cently made an emulsion of intermediate sensitivity with 
which we have registered C™ beta tracks beneath a tissue 
section in considerable excess of the background tracks. 
These emulsions also enable one to follow the track of 
the beta particle to its point of entry. 

Two experimental NTB emulsions on glass plates, No. 
416,297, 1004 and No. 417,104, 25y thick, were prepared 
to have a sensitivity such that they would register as 
tracks only beta particles up to approximately 0.4 Mev. 


emulsions 


lead to unsatisfactory results. 


1 Based in part on work performed under contract with the 
U. S. Atomic Energy Commission at the University Atomic 
Energy Project, Rochester, New York. 

2 The authors wish to thank Dr. John Spence of Eastman 
Kodak Research Laboratories for preparation of the nuclear 
track plates, Dr. Kurt Heinicke of the Heinicke Instrument 
Corporation, Rochester, for the loan of the fluorite objective, 
and Mr. Robert Hay for making the composite picture of 
Fig. 2. 

% Working on a fellowship from the Rask Orsted Founda- 
tion, Copenhagen. 
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Fic. 1. 
section from a rat injected with C-labeled glycine. Mag- 
nification x 360. The plane of focus of the microscope is im- 
mediately beneath the section, making the cells appear un- 
sharp while a number of beta tracks are sharp. 


Photomicrograph of an autoradiograph of a liver 


These emulsions are now designated as NTB2. It is 
this feature that makes possible the registration of C™ 
beta particles with a maximum energy of 0.165 Mev with- 
out registering much random ionization. 

The liver section of a rat injected with glycine labeled 
with C" in its alpha carbon atom was studied. (Auto- 
radiographs of blood cells from this same rat were pre- 
viously reported (2). Three we was given intraperito- 
neally and the rat was sacrificed after 25 hr. The tis- 
sue was fixed in Bouin’s solution, embedded in paraffin, 
and cut at approximately 7u. A tissue section was 
floated on water and picked up by slipping the photo- 
graphic plate beneath it in the water and lifting the 
tissue out on the emulsion (4, 5). After partial drying. 
the plate was placed in a black plastic slide-box and set 
aside in a cold room at approximately 7° C for exposure. 
Several grams of a desiccant (CaCl.) was placed in the 
box to keep the humidity low, in order to delay decay of 
latent images. After exposure and removal of the paraf- 
fin (4, 5), the plates were developed in Eastman D19 
for 20 min and fixed in 30% hypo at approximately 20° 
C. The tissue was stained in hematoxylin and eosin and 
mounted in the conventional manner. 

The emulsion underneath the tissue sections showed 
about the same number of random grains as parts of the 
emulsion outside the area of the sections. However, we 
have found a large number of beta tracks, the majority 
of them starting very close underneath the tissue and 
ending further down in the emulsion (cf. Fig. 1). It is 
typical of these beta tracks, in contrast to straight alpha 
tracks, that they are curved, frequently showing sharp 
bends in any direction. The grain density increases 


markedly as the particles lose energy by collisions, and 
the tracks often end in a hook or loop of high grain 
density. 


Although most of the tracks we have observed 
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Fic. 2. 
section from a rat injected with C-labeled glycine. Mag- 
nification x 900. A composite photomicrograph of a view at 
tissue level and a mosaic of a beta particle track in the emul- 
sion. The photomicrograph of the tissue was taken at a 
focal plane just above the tissue-emulsion interface. The 
composite of the track, starting at the interface and running 
in three dimensions in the emulsion, was made in the manner 
presently used for the study of the physics of nuclear tracks. 
These were superimposed and rephotographed. The increas- 
ing grain density along the track shows that the beta par- 
ticle entered the emulsion near A and stopped (at a lower 
point in the emulsion) at B. The clump of grains at C may 
indicate a lower energy beta particle which suffered several 
deflections, but of this we cannot be certain. The cell nu- 
cleus near the origin of the track has been slightly retouched 
to show its size relative to the silver grains. 


Photomicrograph of an autoradiograph of a liver 


started in the proximity of the tissue section, not all 
of them can actually be retraced to a well-defined locus 
or a part of a cell. A detailed statistical analysis of 
tracks is required in order to decide such questions as 
the cytological location and histological distribution of 
the C'. We have also observed tracks starti:g almost in 
the middle of the emulsion and running in all directions. 
Such tracks may be due to random cosmic events, to 
radioactive substances naturally occurring in the tissue 
and gelatin, and to photoelectrons from x-rays generated 
by the beta particle. 

Fig. 1 is a photomicrograph of beta particle tracks 
immediately beneath a liver section. This was taken 
with a 4.3-mm fluorite objective having a depth of focus 
of several microns in the central portion of the field. 
Thus a higher proportion of the three-dimensional tracks 
can be seen. The objective was focused just beneath the 
tissue-emulsion interface, giving sharply focused tracks 
in the center and recognizable cell nuclei in the fringing 
field for comparison. 

To prove that the tracks were made by beta particles 
from the injected C, and not by background ionizing 
particles, counts of the number of tracks per field under 
the tissues were compared with the background of the 
emulsion which did not support a tissue section. The 
tracks were countered under oil immersion and while 
focusing up and down through the emulsion. The fol- 


lowing results show that the tracks were produced by C™ 
beta particles: 
Tracks per field 
Mean of 40 fields beneath tissue ........... 18 
Mean of 20 fields of emulsion unassociated 
with tissue (background) ............... 2 


The C™ activity of the liver was determined by means 
of an ionization chamber, as described elsewhere (1). On 
the basis of these measurements, we have caleulated that 
the quantity of tissue delineated by one field (a field vol- 
ume of 75 x 757 u*) in the microscope can be estimated 
to have an activity of approximately 20 disintegrations 
per day, assuming uniform distribution. The autoradio- 
graph exposure time was ten days, which would give 
approximately 200 disintegrations in the field volume. 
However, this figure requires several corrections. We 
have to take into account: 1) a reduction of about 60% 
for self-absorption of soft beta rays in the tissue section 
of 7 w thickness (6); 2) a reduction slightly greater 
than 50% for geometry; 3) an unknown factor for latent 
image fading; and 4) an unknown amount for failure to 
count low energy beta particles because of our criterion 
in defining a track. 

A minimum track was defined as four closely spaced 
grains. Hence, beta particles with an energy insufficient 
to produce a track of at least four grains would not be 
counted. Also, it is probable that one or two grains 
in a row ean be lost due to latent image fading. In that 
ease, tracks consisting of 4 or 5 grains would no longer 
pass the eriterion of a track. Since a track of three 
grains represents a beta particle energy of approximately 
20-25 kev, all particles of this energy value and below 
would not be counted. 

Applying the first two corrections, approximately 40 
beta particles enter the emulsion. The number of count- 
able tracks is less and by applying Corrections 3 and 4 
the value of 16 tracks per field is approached. Thus, we 
arrived at a reasonable agreement between the results of 
track counting and ionization chamber measurements for 
this first attempt at quantitative autoradiography. 

We have recently shown that autoradiography of iso- 
lated cells offers information about the uptake of a me- 
tabolite (3). For example, random grain autographs of 
yeast cells indicate a nonuniform uptake of P*. The 
technique of counting individual tracks as deseribed above 
suggests the possibility of a similar study in a histo- 
logical specimen. In view of this new possibility, we 
plan to determine the track density under the peripheral 
and central cells of the liver lobules to investigate the 
nonuniformity of distribution of labeled compounds. 
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A Technique for Sectioning Microfossils 


Stuart A. Levinson 


Washington University, St. Louis, Missouri 


In recent years the sectioning of microfossils (Bryozoa 
and Foraminifera, especially fusulinids) has been a tech- 
nique useful to the taxonomist, as well as the general 
worker in the field of invertebrate micropaleontology. 
Following the war, several plastics have appeared on the 
market to compete with Canada Balsam as a mounting 
medium in sectioning. After experimenting with a num- 
ber of these plastics, the writer has found that a thermo- 
plastic manufactured by The Lakeside Chemical Corpora- 
tion’ gives excellent results with caleareous forms. This 
type of thermoplastic has a distinct advantage over other 
media in that it has the same resistance to the grinding 
agent as does the calcite of the fossil, thus leaving a 
smooth, unpitted surface. 

The present sectioning technique was developed while 
the writer was studying the shell structure of fossil Ostra- 
coda (a report is now in manuscript). Because of their 
minute size, average 0.8 mm—1.5 mm, sectioning these bi- 
valved crustaceans has been difficult and time-consuming ; 
in most instances, however, only 15 min is needed to ob- 
tain excellent sections with the technique outlined here. 

A slide is prepared by heating a very small quantity of 
the thermoplastic just above the temperature at which it 
becomes fluid. As quickly as possible the slide is placed 
on a piece of asbestos under a binocular microscope (mag- 
nification 30x) and a double-valved specimen (of an ostra- 
code) is introduced into the plastic. The thermoplastic 
usually remains fluid for a sufficient time for the speci- 
men to be oriented in any desired position. <A fine needle 
is a satisfactory tool for changing the position of the 
specimen, the dorsal margin of which may be painted red 
to aid in orientation. This is accomplished by applying 
pigment from a colored pencil with a fine brush. The 
slide is ground by hand in a water mixture of 400-mesh 
cearborundum on a glass plate. The specimen can be 
examined periodically from the reverse side of the slide, 
and just before the section is ground to include the de- 
sired features the slide is buffed lightly on a power-wheel 
felt buffer, using a liquid rouge. Suction cups (from toy 
arrows) with the same diameter as the slide afford an 
easy method for holding the slide against the buffer. 
The specimen then is washed thoroughly to remove the 
rouge and dried. In some instances, if the specimen is 
first moistened, the results of this part of the process 
offer sufficient detail to photograph well, using reflected 
light, although more intricate detail is usually shown if 
a thin section is made. If a thin section is desired the 
slide is reheated gently to the melting point of the plastic 
and the specimen oriented under the microscope so that 
its flat surface is flush against the slide. It is reground 
and buffed, as before, until clear structures are obtained. 

It is possible to section both single and double valves 
of fossil ostracodes by this method, but double valves are 
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preferred, since they are easier to orient. Excellent 
sections of single and double valves of micropelecypods 
and microbrachiopods were also made by this process. 


The Fate of Plasma Cells 


P. Bueno 


Department of Pathology, 
Instituto Biologico, Sado Paulo, Brazil 


Plasma cells are generally believed to be specifically 
differentiated elements which are apparently unable to 
change into another cell type and finally degenerate. 
Only a few authors (1, 2) have admitted the possibility 
of the transformation of these elements into connective 
tissue cells. 


Fic. 1. Medulla of a lymph node: a group of cells is 
shown in which several intermediate phases from plasma 
cells to reticular elements are seen; upper right, a mitosis. 
Magnification x 900. 


Recent observations which I made in the course of a 
study on the histopathology of experimental C-avitamin- 
osis in guinea pigs support the theory of transformation. 
In fact, histological examination of the lymph nodes, 
especially from animals submitted to a prolonged hypo- 
vitaminotie diet, revealed very clearly that plasma cells 
nndergo a transformation into reticular elements. The 
plasma cells, initially accumulated in great numbers in 
the medulla of the lymph nodes, showed a series of 
transitional phases with numerous mitoses before as- 
suming the aspect of reticular cells. In animals which 
were kept in hypovitaminosis for longer periods, the 
plasma cellular infiltrate was sometimes replaced by 
dense reticular tissue. Similar observations were made 
in chronic inflammatory tissues from man and animals. 

The findings here described confirm the assumption 
that plasma cells are not doomed to degeneration and 
suggest that they are cells in a phase of resistance, still 
maintaining an evident eapacity for proliferation and 
differentiation. 
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Isolation of 17-Hydroxy 11-Dehydro 
Corticosterone (Kendall’s Compound E) 
from Urine of Normal Males 


John J. Schneider 
The Jefferson Medical College of Philadelphia 


In the course of attempting to recover adrenocortical 
compounds from urine it has been possible to isolate 17- 
hydroxy 11-dehydro corticosterone from a chloroform ex- 
tract of pooled normal male urine obtained prior to 
hydrolysis. 

Urine was collected daily and extracted with chloro- 
form without prior adjustment of pH. The extracts 
were concentrated to a small volume in vacuo and stored 
in the cold. At weekly intervals the pooled extracts were 
washed with cold 0.1 N NaOH and water, taken to dry- 
ness in vacuo, and stored under nitrogen in the cold. 
Ultimately the dried residues from 1000 1 of urine were 
combined and part of the caffeine was removed by erys- 
tallization from benzene. The nonerystalline portion was 
divided into 70% alcohol-soluble and petroleum ether- 
soluble components, and after reduction to dryness in 
vacuo the alcohol-soluble fraction was dissolved in ben- 
zene and repeatedly extracted with equal volumes of 
water. The ketonic parts of both the benzene-soluble 
and water-soluble fractions were recovered and in turn 
repeatedly partitioned between benzene and water, using 
the method outlined by Mason, Myers, and Kendall (7). 
The fraction which passed readily from benzene to water 
and from water to benzene (designated fraction III by 
Mason et al.) weighed 161 mg and upon being reduced to 
dryness from chloroform solution crystallized spontane- 
ously. 

The first and subsequent crops were recrystallized from 
absolute ethanol to give 32 mg of colorless rhombohedra, 
mp 215-218° C. On admixture with an authentic sample 
of 17-hydroxy 11-dehydro corticosterone (mp 216—218° 
C) the mp was 215-218° C. Analysis: Caleulated for 
C.,H.,0;—C = 69.96%, H=7.83%. Found—C= 69.50, 
69.80%, H=7.61, 7.70%. The addition of concentrated 
sulfuric acid to a small amount of the erystalline com- 
pound gave a yellow solution with a faint green fluores- 
cence. Methanolic solutions of the substance rapidly re- 
duced ammoniaeal silver in the cold and formed a bright 
red precipitate upon the addition of a few drops of a 
saturated solution of 2,4 dinitrophenylhydrazine in 2 V 
HCl. [a]#=+214°+2° (concentration, 0.604 in 95% 
ethanol). Mason, Myers, and Kendall (3) have recorded 
from 17-hydroxy 11-dehydro corticosterone [a]. =+ 248° 
+4° (eoncentration, 0.1 to 0.2), Kuizenga and Cartland 
(1) [a]%=+195° (concentration, 1.89), and Winter- 
steiner and Pfiffnmer (4) [a]#=+209°+1° (concentra- 
tion=1.2) (all in 95% ethanol). 

The compound readily formed an acetate on treatment 
with a mixture of pyridine and acetic anhydride at room 
temperature. Recrystallization from absolute ethanol 
yielded fine needles, mp 236-239° C. On admixture with 
an authentic preparation of 17-hydroxy 11-dehydro cor- 


ticosterone acetate (mp 237°-239° C), the mp was 236°—- 
239° C. Analysis of the acetate: Calculated for C..- 
H,,0,—C = 68.65%, H=746%. Found—C = 68.41%, 
H=7.14%. The compound showed an absorption maxi- 
mum in the ultraviolet at 237-238 mu. ¢=13,870 (ab- 
solute ethanol). Mason, Myers, and Kendall (2) ob- 
served an absorption maximum at 237 my and have 
recorded a molecular extinction coefficient of 16,150. 
The biological activity of the substance is now being 
determined. A more detailed account of this work will 
appear at a later date. 
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Large Scale Paper Chromatography 


Charles Yanofsky, Elga Wasserman, 
and David M. Bonner 


Osborn Botanical Laboratory, Yale University 
New Haven, Connecticut 


In view of the excellent separation of microquantities 
that can be achieved by paper partition chromatography 
(1), an attempt has been made to apply these same prin- 
ciples on a larger seale. 

Two obstacles were encountered initially in large seale 
chromatography, the first being the difficulty of applying 
several milliliters of solution to a sheet of paper in a 
narrow straight band, and the second, obtaining a thick 
paper which could handle large quantities and still give 
good separation. 

Attempts to apply several milliliters of solution from 
a eapillary by hand were unsatisfactory, since it was 
virtually impossible to maintain a narrow band. It was 
found, however, that the application of solutions to paper 
could be greatly facilitated by the use of an automati- 
eally revolving drum to which the paper could be at- 
tached. The liquid could then be fed onto the paper, 
using a narrow eapillary tube. 

Such an apparatus ean be readily set up in the labora- 
tory using a kymograph, modified as shown in Fig. 1. 
The lower drum (A) of the kymograph is fixed at any 
convenient height by means of the latch (G). A second 
drum (B) is then put onto the shaft above (A), but is 
separated from (A) by means of a one-hole rubber 
stopper (C) which serves to provide a 13-in. clearance 
between the two drums. This is desirable in order to 
prevent blotting between the paper and the drum when 
liquid is applied to the paper. A sheet of Whatman No. 
1 paper, 17 in. high and 20 in. wide, is wrapped around 
the drums and fastened by means of two elastie bands. 
These can be closed most readily and held tightly around 
the paper if hooks and eyes are sewn on the ends. The 
paper is fastened in such a way that it overlaps in a 
direction opposite to that of the rotation of the kymo- 
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graph. Its lower edge should reach about 1 in. below the 
gap between drums (A) and (B). 

The capillary (F) is clamped on a ring stand by means 
of a cork, as shown, so that the slightly bent tip of the 
capillary is pressed against the paper. The tip must be 
fire-polished to prevent scratching of the paper. The 
kymograph is then set in rotation and the solution to be 


applied is added to the capillary tube. Unless this solu- 
tion is absolutely free from solid particles a small cotton 
plug should be inserted in the capillary to serve as a 
filter. A heat source is used to facilitate evaporation of 
the solvent. A 250-watt infrared lamp has been found 
useful for this purpose. The band width is determined 
by the rate of flow of the solution, and may be regulated 
both by the size of the capillary opening and the speed 
of rotation of the kymograph. Flow rates can also be 
readily varied by applying gentle air pressure to the 
capillary. 

By this method it has been possible to apply a 5-ml 
fraction of a methyl alcohol solution to a sheet of What- 
man No. 1 paper in less than 15 min, and at the same 
time maintain a narrow band of material. The amount 
of any substance which should be applied in this manner 
is, of course, ultimately limited by the sharpness of the 
separation which can be obtained on the paper, and will 
vary in each ease. 

After the paper is’dry and removed from the drum, 
any standard method can be used for developing the 
chromatogram. The authors have found it suitable to 
cut the sheet into two sections, 13 in. and 7 in. wide, 
respectively. These can then be stapled into two eylin- 
ders, which are simultaneously developed as -ascending 
chromatograms in a glass-ecovered cylinder, 6 in. in diam 
and 18 in. high, containing 100 ml of developing solvent. 
A small section of the developed chromatogram is cut off 
lengthwise and used in order to detect the position of the 
desired substance if its Ry value is not already accurately 
known. Once this has been ascertained, the entire desired 
section of the paper can be cut out and the material 
eluted by shaking with successive portions of an appro- 
priate solvent, or by treating the paper with the solvent 
in a Waring Blendor. 

Many different thick filter papers have been tested for 
suitability in the separation of larger amounts of mate- 


rial. The most satisfactory paper tested so far is 
Schleicher and Schuell paper No. 470-A' (0.025 in. thick). 
The separation on this paper is not as good as on thinner 
paper, but has proved very satisfactory for the initial 
separation of large amounts of material. 
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Relationship in Mice of Intestinal Emptying 
Time and Natural Resistance to 
Pig Ascaris Infection 


John E. Larsh, Jr.! 


Department of Parasitology, 
School of Public Health, 
University of North Carolina, Chapel Hill 


Rapid intestinal emptying time of young mice is in- 
volved in their high degree of natural resistance to the 
cestode, Hymenolepis nana var. fraterna (1). This emp- 
tying-time factor also appears to be operating in the dis- 
tribution of Trichinella spiralis in the intestinal tracts of 
mice (3). It was, therefore, of considerable interest to 
learn from preliminary experiments that young mice, as 
compared with guinea pigs, have a remarkable degree of 
natural resistance to infection with pig ascaris (Ascaris 
lumbricoides suum). The aim of the present study is to 
determine the relationship of intestinal emptying time 
and natural resistance to infection for this parasite in 
mice. 

The first three experiments were carried out using fe- 
male mice, two months old, to establish the minimal in- 
fecting Ascaris egg dose. The methods of obtaining ma- 
ture embryonated eggs and infecting the animals have 
been described earlier (2). One half of the mice in each 
egg-dose group were sacrificed between the fifth and 
eighth day after attempted infection so as to observe 
grossly the appearance of the lungs and to search for 
migrating larvae in that organ. This determination was 
qualitative only and was made by pressing small pieces 
of the entire lungs between two glass slides. These slides 
were examined microscopically with 100 x magnification. 
The remaining half of the mice were observed daily for 
20 days to establish survival rates. 

In the first experiment, the mice were divided into five 
groups of six mice each. Those of group 1 received 600 
eggs. This dose for each succeeding group was increased 
by 600 so that the mice of the last group, group 5, re- 
ceived 3000 eggs. None of the mice showed outward evi- 
dence of infection, and of those autopsied the lungs 
appeared normal and were negative for larvae by the 


1The author acknowledges with appreciation the technical 
assistance of Miss Dolores Stough during a portion of the 
study. 

1 Sample sheets of this paper were kindly furnished by the 
Carl Sehleicher and Schuell Company of New York City. 
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mieroscopie method described. In experiment 2, seven 
groups of four mice each were used. In this case the egg 
dose for the mice of group 1 was 3600. This was in- 
ereased by 1200 in each succeeding group so that the ani- 
mals of group 7 received 10,800 eggs. The results were 
the same as for experiment 1. In experiment 3, seven 
groups were used, each with four mice. Those of group 1 
received 12,000 eggs. This dose was increased by 3000 
in each succeeding group, so that the mice of the last 
group, group 7, received 30,000 eggs. Except for group 
7, the results were identical with those of experiments 1 
and 2. The two mice of group 7 autopsied six days after 
infection showed a few hemorrhagiv spots on the surface 
of both lungs; 15 and 25 larvae, respectively, were ob- 
served in pressed lung sections. The remaining two mice 
of group 7 were in apparent good condition 20 days after 
infection. 

Although the number of animals was small, the results 
suggest that an egg dose of about 30,000 is the minimal 
infecting dose for mice. This agrees with the minimal 
dose used by Sprent and Chen (4) in a recent study. 
Thus, mice have a strong natural resistance to infection 
with this parasite, as compared with guinea pigs, which 
can be infected with egg doses as low as 6600 (2). 

Experiment 4 was also performed with female mice two 
months old, to determine whether the rapid intestinal 
emptying time of mice of this age (1) is a factor in their 
striking resistance to infection as demonstrated in experi- 
ments 1-3. The method of artificially slowing the empty- 
ing time of experimental mice with 1% morphine sulfate 
was the same as that used in an earlier study (1). Six- 
teen of the mice were divided equally into experimental 
and control groups. The morphine was injected into the 
experimental animals, and 15 min later all of the mice 
were given 12,000 eggs, or less than one-half the estab- 
lished minimal infecting dose. The effectiveness of mor- 
phine in slowing the intestinal emptying time was verified 
by determining the passage of carbon ink in three addi- 
tional mice (1). Six days after infection, one half of 
the experimental and control mice were sacrificed. The 
lungs of the controls appeared normal, and no larvae 
were found in pressed sections. This was expected from 
the results of experiment 3. However, three of the four 
mice given morphine sulfate prior to infection showed 
considerable lung hemorrhage, and an average of 150 lar- 
vae was observed. The remaining four mice of the con- 
trol group showed no outward evidence of infection dur- 
ing the 20-day observation period. On the other hand, 
one of the remaining four experimental mice died on the 
ninth day of infection, apparently from lobular pneu- 
monia caused by the larvae. The other three mice of this 
group, although showing signs of respiratory involvement, 
survived the infection. 

It is clear from results of experiment 4 that mice given 
morphine sulfate as described were rendered considerably 
more susceptible to infection with Ascaris eggs than un- 
treated controls given the same number of eggs. In fact, 
the drugged mice appeared to be more heavily parasitized 
than the nondrugged mice in experiment 3, which had 


been given more than twice as many Ascuris eggs. Other 


factors in this resistance may be affected by morphine, 
but the most reasonable explanation for increased sus- 
ceptibility of drugged mice is the reduced intestinal emp- 
tying time, which presumably allows greater numbers of 
eggs to hatch than in eontrol animals. Thus, the rapid 
intestinal emptying time of young mice is probably an 
important factor in their strong resistance to initial infee- 
tion with pig ascaris, as was demonstrated earlier for 
natural resistance to Hymenolepis (1). 
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Electrometric Titration of Some 
Functional Groups 


T. Higuchi, Carl J. Lintner,! and Robert H. Schleif* 


School of Pharmacy, 
University of Wisconsin, Madison 


Although simple titrimetric methods are available for 
quantitative analysis of many different types of inorganic 
compounds, relatively few organie compounds lend them- 
selves to rapid volumetric analysis. Carboxylie and 
amino compounds, which can be titrated beeause of their 


Fic. 1. Schematic drawing of the apparatus. 


acid-base property, and olefinie compounds, which ean be 
determined by iodine or bromine titration, represent the 
main types of organie compounds usually assayed volu- 
metrically. A brief description is given in this prelimi- 
nary report of a relatively simple electrometrie method 
for the volumetric analysis of several functional groups 


1.2 Fellows. American Foundation for Pharmaceutical Edu- 
cation. 
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VOLE OF STANDARD ALCOHOL 
Fic. 2.  Electrometric titration of isobutyl alcohol. 


including —-OH, —- NH., R.CO, RCHO, RCO.R, and other 
easily reducible groups based on LiAlH, titration.* 

The apparatus used, shown in Fig. 1, consists of a 
silver electrode A, salt bridge B, an isolated silver elec- 
trode C, and an automatic burette D. Dried and purified 
tetrahydrofuran is used to fill the salt bridge and the 
isolated electrode chamber, LiBr being employed as the 
In addition, a small amount of 
iodine is added to the electrode chamber to act as a de- 
polarizer. The potential of the electrical cell is most 
conveniently followed by an indicating potentiometer such 
as Beckman Type H pH meter. 


electrolyte in both cases. 


TABLE 1 


ELECTROMETRIC TITRATION OF ISOBUTYL ALCOHOL 


wt M1 of alcohol sol.* Moles of alcohol 

of 
- G 
sample kon Blank Diff. Foua 

ing ent error 
2.653 6.30 16.70 10.40 0.0359 0.0358 


0.3 


* Ethyl alcohol 20.00% by volume. 


The procedure employed is as follows. A weighed 
sample of approximately 1 g of the unknown substance 
to be analyzed is introduced into the reaction vessel. 
Fifty ml of pure tetrahydrofuran and 20 ml of a solution 
of LiAlH, in tetrahydrofuran are added in turn and al- 
lowed to stand for a few minutes. The excess hydride is 
determined potentiometrically by adding a standard solu- 
The end 
point is indicated by a sharp change in the voltage of 
the electrical cell. The difference between the amount 
of alcohol consumed during this back titration and that 


tion of ethyl or propyl alcohol in dry benzene. 


3 The use of for quantitative determination of vari- 
ous functional groups is not new. Hochstein (1), Zaugg and 
Horrom (3), Krynitsky et al. (2), and others have described 
gasometric methods analogous to the Zerewitinoff method 
based on measurement of hydrogen gas liberated by the 
sample on reaction with the hydride. These are, however, 
not true volumetric methods where a standard solution is 
added to a stoichiometric end point indicated by some visual 
or electrical change. 


used during a blank run made without the sample repre- 
sents stoichiometrically the amount of substance in the 
sample capable of reacting with LiAlH,. 

Typical results are shown in Fig. 2 and Table 1. In 
calculating the molar concentration of various functional 
types other than an alcoholic hydroxyl, it must be kept 
in mind that -OH=- NH.=R.CO= RCHO=-CO.R= } 
— CO.H. 

More complete details on the development and applica- 
tion of the titrimetric method deseribed will be presented 
shortly in another publication. 
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Quantitative Evaluation of Gomori 
Histochemical Preparations? 


W. L. Doyle 


Department of Anatomy, 
The University of Chicago 


Several of the histochemical methods for the demon- 
stration of enzyme activity, which have been developed 
by Gomori, result in the localized deposition of an insol- 
uble sulfide. The present method permits the quantitative 
estimation of the enzymatic activity represented in such 
microscopic sections. There are theoretical and practical 
objections to methods based on visual or photometric 
measurement of the blackening (sulfide) as deposited in 
the section. In the present procedure, the sulfide in a 
section is extracted and converted to methylene blue by 
a modification of the method of Fogo and Popowsky (1), 
and the methylene blue in solution is then measured pho- 
tometrically. The method does not permit comparison be- 
tween localized areas in any one section unless these are 
excised, but it will give a measure of differences between 
separate sections. As given, the procedure deals with 
volumes 1000 times smaller than those described by Fogo 
and Popowsky, but the reaction is so sensitive that inter- 
mediate scales of volume will serve for most histological 
preparations. 

Procedure. Paraftin sections are placed at the bottom 
of small (650 mm) test tubes and deparaffinized with 
benzene, rinsed with acetone, and dried in air. The see- 
tion should lie flat against the glass tube without folds. 
A section previously used for microscopic study is suit- 
able if transfer from the slide to the test tube can be 
accomplished without loss. 

The Gomori substrate as used for microscopic prepara- 
tions is added and the section incubated for the same 
period of time as an adjacent serial section, prepared on 
a slide for microscopic examination. (Sections for mi- 


1This work was aided in part by a grant from the Dr. 
Wallace C. and Clara A. Abbott Memorial Fund of the Uni- 
versity of Chicago. 
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croscopy are mounted dry on albumin-coated slides to 
avoid destruction of some of the enzyme which occurs 
when water is used to flatten paraffin sections). The en- 
zymatically liberated phosphate is converted to the lead 
salt, and the usual treatment with ammonium sulfide and 
careful rinsing with water follows. It is necessary to 
substitute lead for the cobalt of the alkaline phosphatase 
procedure, since cobalt sulfide is insufficiently soluble in 
the HCl required subsequently. 


TABLE 1 
ug 
Sulfide+/lr 
density ug 
Duration since 
of Sulfide 
methylene (approx. ) 
incubation deter- 
blue* 
(hr) mination 
0.5 -195 
1.0 .244 .098 
2.0 94 -061 
4.0 1.21 -O44 
6.0 1.48 -480 
8.0 1.64 .530 .025 


* Final volume 277 ul. 
+ Includes sulfide derived from preformed (nonenzymatic) 
phosphate. 


To the tube containing a dry section stained with lead 
sulfide, there is added 135 ul of water and 25 yl of a 
solution of 0.1 g p-amino dimethyl aniline sulfate (East- 
man Kodak Company) in 100 ml of 5.0 N HCl. After 
standing 20 min with occasional stirring to achieve solu- 
tion of the sulfide, there is added 5 yl of 0.023 Mm ferric 
chloride in 1.2 N HCl. This is stirred and allowed to 
stand for 20 min and the methylene blue is determined 
in a spectrophotometer at 670 my using microcuvettes. 
For larger or heavily stained sections, final volumes of 3.0 
ml may be more suitable. Appropriate lead sulfide stand- 
ards are also prepared. 

Experiments. Serial sections of rabbit appendix 10 pn 
thick and 14 sq mm in area were incubated in Gomori 
glycerophosphate substrate for alkaline phosphatase pH 
9.5 for from 3 to 8 hr at 26° C. Microscopically, this 
gave a range from faintly stained sections at } hr to gen- 
eralized overstaining after 8 hr. The amount of sulfide 
found after the various periods of incubation is shown in 
Table 1. From the table it is evident that in this mate- 
rial the rate of deposition of sulfide decreased appreciably 
after 6 hr of incubation under these conditions. Both the 
amount of sulfide formed and the time scale of decrease 
in enzymatic activity are in fair agreement with expec- 
tation based on independent quantitative microestima- 
tions under standard quantitative conditions. 

The method should be applicable to any of the histo- 
chemical procedures involving deposition of a sulfide sol- 
uble in hydrochloric acid. 
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Comparison of Electroencephalographs of 
Young Rats from Dams on Synthetic 
and on Normal Diets? 


M. D. Overholser, J. R. Whitley, B. L. O’Dell, 
and A. G. Hogan 


Departments of Anatomy and Agricultural Chemistry, 
University of Missouri, Columbia 


Richardson and Hogan (1) observed hydrocephalus in 
young rats born of dams on a synthetie diet, and con- 
eluded that the abnormality was due to a deficiency in 
the maternal diet. Young rats with the same nutri- 
tional history, though free from any sign of hydro- 
cephalus, learn their way through a maze more slowly 
than do those from the stock colony (unpublished data). 
In a search for other differences between these two 
groups of rats, their electroencephalographs were eom- 
pared. There were no significant differences; however, 
since to our knowledge observations of this kind on the 
rat have not been published, it seemed desirable to have 


sec 


Fie. 1. Electroencephalographs of a normal rat from dam 
on the stock diet, a rat from dam on the synthetic diet and a 
hydrocephalic rat from dam on the synthetic diet. 1—Lead 
I, and 2—Lead II: normal rat from dam on the stock diet. 
Lead I, and 4—Lead II; rat from dam on the synthetic 
diet. 5—Lead I, and 6—Lead II; hydrocephalic rat from 
dam on the synthetic diet. 


a typical eleetroencephalograph of this animal described 
in the literature. 

Fifty-seven young rats, 4-8 weeks of age, from dams 
on the synthetic diet, were paired according to age, 
weight, and sex with an equal number from dams on tie 
stock diet. They were given an intraperitoneal injection 


1This investigation was supported in part by a grant 
from the U. S. Public Health Service. 
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of avertin (0.01 ml/g of body weight), their heads were 
shaved, and silver electrodes (3 mm in diam) moistened 
with electrode paste were attached to the skin with col- 
lodion. Two leads were taken from each animal. In 
Lead I, the first electrode was placed in the midline of 
the skull on a line between the external auditory mea- 
tuses; the second electrode was placed in the midline 
12 mm in front of the first electrode. In Lead II, both 
electrodes were placed on the line between the external 
auditory meatuses, each one being 6 mm from the mid- 
point. The recordings were made with an Offner ampli- 
fier (type 140) and erystograph set at a speed of 2.5 
em /sec. 
TABLE 1 
FREQUENCY OF BRAIN WAVES IN THE Rat 


Average frequency per sec 


No. of rats 
os Lead I Lead II 
57 Stock 30.8 32.4 
57 Synthetic 30.2 31.9 
24 


3* Synthetic 28.0 29.0 


* Hydrocephalic rats. 


A typical record from each group is shown in Fig. 1. 
The frequency per second was the measurement used in 
the analysis of the records. All countable waves were 
included and an average was taken of several counts on 
each recording. There was no significant difference in 
the frequency of the brain waves of the two groups of 
rats from dams on different diets, but the average fre- 
quency for three animals with well-developed hydro- 
cephalus was somewhat lower than is normal. These re- 
sults are shown in Table 1. 


Reference 


1. Rrenarpson, L. R. and Hocan, A. G. J. Nutrition, 1946, 
32. 459. 


Studies on the Life Cycle of Syphacia 
obvelata, a Common Nematode 
Parasite of Rats? 


Marjorie Jean Raecke Prince 


Department of Zoology, University of Nebraska 
Lincoln, Nebraska 


Syphacia obvelata is an oxyurid nematode frequently 
occurring in the ceca of laboratory and wild rats and 
mice. It has been reported once from man (4). Con- 
sidering its common occurrence and wide distribution, 
surprisingly few details are known regarding its life 
eycle. It has been assumed that this cycle is simple and 
direct, and that rats are infected from eggs in feces. 
The worms occur, usually in large numbers, in the cecum. 
Males and immature females are found most numerous 
in the tip of the cecum, although a few may be found in 

1Studies from the Department of Zoology, University of 


Nebraska, No. 242. The work was done under the direction 
of Dr. H. W. Manter. 


other parts of the cecum and in the large intestine. 
Gravid females are found throughout the cecum and 
large intestine, including the rectum. I have also col- 
lected them from washings of the body surface of the 
anal region. In scores of autopsies, there was no evi- 
dence that eggs are ever laid within the host. Repeated 
search, using a variety of the usual laboratory methods, 
revealed no eggs in the feces, although Philpot (3) 
found a few in the feces of mice. Lawler (2) seemed 
able to infect mice by feeding them with macerated 
gravid female worms from infected mice, although the 
number of mice used was small. He did not mention any 
period of incubation. Using S. obvelata from rats, I 
have not been able to infect rats by this method. 

Attempts to infect rats by feeding whole gravid fe- 
male Syphacia, freshly collected from an infected rat. 
were unsuccessful. The test rats used were previously 
treated with phenothiazine or carbon tetrachloride to 
rid them of any natural infection that might be present. 
Tests show that both of these drugs are effective anthel- 
minties. Attempts to infect rats by feeding eggs liber- 
ated from gravid female Syphacia were also unsuccessful. 
Finally, although it was impossible to demonstrate eggs 
in the feces of rats proved by autopsy to be heavily in- 
fected, feces from infected rats were fed to test rats. 
No infections resulted. 

Several methods of incubating eggs to the fully em- 
bryonated, infective stage were tried. The eggs did not 
develop well in distilled water, tap water, or dilute form- 
alin solutions, either at 20° or 37° C. Eggs were also 
cultured in moist air, as recommended by Deschiens (1). 
None of these methods produced eggs that were infective 
to test rats. 

All these negative results led to the discovery of the 
natural location of embryonated eggs and the probable 
means of transmitting the infection. A rat was lightly 
anesthetized to prevent struggling, and its anal region 
was washed with 10% alcohol. The washing was caught 
in a glass container. This liquid was then centrifuged 
and the sediment examined. A fairly large number of 
embryonated eggs and some larvae measuring 0.14—0.22 
mm in length were obtained in this way. In addition to 
unhatched embryonated eggs found on the anal region, 
about 25% of the eggs found were actually empty egg 
shells. Using water in place of the 10% alcohol, living 
larvae as small as 0.09 mm in length have been recovered. 
Whether the variation in size of what must be recently 
hatched larvae is due to swelling or to growth is not 
known at present. Thus eggs are liberated from the 
worms, become embryonated, and may hatch on the body 
surface of the anal region. Other rats may become 
infected by licking these embryonated eggs or the larvae 
from the body of an infected rat. Another possible 
method of infection is through the anus. Schiiffner and 
Swellengrebel (5) showed that some eggs of Enterobius 
vermicularis, the human pinworm, hatch on the anal re- 
gion of the host, and that some larvae may migrate back 
into the body through the anus and rectum, a method of 
infection which they termed ‘‘retrofection.’’ Careful 
examination of the posterior inch of the large intestine 
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was made on eight infected rats. In one of the rats, 
seven living larvae were found in this region. All were 
about 0.2 mm long, or only slightly larger than the size 
(approximately 0.17 mm) Philpot reported for recently 
hatehed larvae, and within the range of sizes of larvae 
found on the body surface. In another rat, one small 
larva and three gravid females, the latter probably mov- 
ing to the outside, were found in this region. These 
findings suggest that retrofection does occur in the life 
eyele of S. obvelata. It is possible such infection occurs 
in many oxyurids. It would explain the massive infec- 
tions sometimes found, for example, in reptiles. 

In summary, gravid females of S. obvelata migrate 
from the anus of the host; eggs are deposited, either by 
being laid or by rupture of the body of the female worm, 
on the skin of the anal region; here the eggs become fully 


embryonated and at least many of them hatch; recently 
hatehed, living larvae have been recovered not only on 
the body surface of the anal region but also in the pos- 
terior portion of the large intestine. These findings in- 
dicate that infection with S. obvelata ean oceur by larvae 
entering the anus, that is by retrofection, as recently 
described for Enterobius vermicularis. Infection by 
mouth by licking infective eggs or larvae from the skin 
probably also occurs and must be the method whereby 
young rats acquire infection from an infected mother. 
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The Donora Episode 


One year ago 20 persons lost their lives at Donora, 
Pennsylvania, in America’s first mass killing from in- 
dustrial air pollution. Now the U. S. Publie Health 
Service has released a preliminary report on its year-long 
study of the Donora tragedy. This represents the Public 
Health Service’s first foray into the field of community 
air pollution. Two years ago they were not even inter- 
ested in making a small grant to help studies already 
well along in opening up this health field. Today they 
suddenly find the field so important that they quickly 
request $750,000 from Congress to enlarge upon their 
studies! Just what did their year’s work, with a staff of 
25 investigators, show? 

They found that 42.7% of the people living in the 
Donora-Webster area were affected in the poison smog 
of a year ago. The quick survey made by local Donora 
workers at our request soon after the tragedy showed 
43.2%. They found—as did we—that the percentage 
affected rose rapidly with age, was greatest at higher 
levels than down along the river, and was highest across 
the river in Webster. They found in the valley air the 
same irritants to the respiratory tract that were pointed 
out in our December report, but they found no dangerous 
concentrations and hence were unable to identify the kill- 
ing agent. 

The most valuable part of their year’s work—analysis 
of poison output from the steel and zine plant stacks— 
remains unused and unevaluated in their written report. 
They spent months analyzing the valley air for poisons, 
but failed to caleulate the concentrations probably present 
during the killing smog a year ago, when an inversion 
blanket clamped a lid down over the valley’s unfortunate 
people. Had they made such calculation, they would have 
found that even one day’s accumulation of the very irri- 
tating red oxides of nitrogen from the acid plant stacks 
would have caused concentrations almost as high as had 
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been set as the maximum allowable for safety of factory 
workers exposed only for an 8-hour work day. At the 
end of 4 days of last year’s blanketing smog, concentra- 
tions reached were probably more than four times higher 
than the 10 milligrams per cubic meter of air listed as the 
upper limit of safety! And the Donora people breathed 
the poisoned air not 8 hours a day but for 4 whole days. 
More than 4 tons of this poison gas were poured out into 
the valley air every day during the April test period, even 
though the brownish-red plumes from the acid plant 
stacks were then very much less dense than those ecom- 
monly seen up to the time of the October tragedy. 

Stack output of zine and the sulfur oxides were also 
found much too high for safety under smog conditions, 
while the amounts of carbon monoxide emitted were 
enormous. Because accumulation in the valley air of all 
carbon monoxide emitted over a 4-day period would prob- 
ably have been fatal to the whole population, and be- 
cause no signs of carbon monoxide poisoning were evident 
in Donora at any time, the Public Health Service investi- 
gators concluded that it would be unjustifiable to clamp 
a hypothetical lid down over the valley. This was a 
serious error on their part, for their own report (meteor- 
ology section) showed a gentle southward drift of the 
valley air throughout the critical part of the October 
smog period. Ninety percent of the carbon monoxide 
arose from blast furnace stacks located at the extreme 
southern end of the town and was thus carried away from 
the Donora residents. This gentle southward air move- 
ment also accounted for the same high illness rate 
throughout all parts of Donora as prevailed in its north- 
ern edge alongside the zine plant. 

There are now available up-to-date methods of cleansing 
such stack gases of harmful materials and the burning of 
the earbon monoxide on to carbon dioxide should be eon- 
sidered as a fuel-saving measure in plant economy. The 
operators of the Donora zine smelter and sulfurie acid 
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plant should have taken warning at the time of the Bel- 
gian disaster.of 1930, when 60 persons lost their lives 
and many thousands were made ill under conditions al- 
most identical with those at Donora. Yet, almost two 
decades later, the outmoded smelter at Donora was still 
operating as it and its Belgian counterpart were doing in 
1930. Let us hope that the Donora tragedy may prove 
such an object lesson in air pollution dangers that no in- 
dustrial plant will feel safe in the future in pouring aloft 
dangerous amounts of poisonous materials. Furthermore, 
safety standards to be set up should be those that will 
give safety under the most adverse weather or smog con- 
ditions. 

The U.S. Public Health Service investigation of animal 
deaths in the surrounding countryside was merely cursory, 
and the report fails to consider at all the terrible devasta- 
tion and erosion that have resulted from the killing of 
nearly all plant life within more than a mile radius of 
the zine smelter. Surely these were important features 
of the local air pollution problem. The Federal Security 
Administrator and the Surgeon General (in their fore- 
words to the report) claim that the Service has here 
opened up a new field in the nation’s health, blandly ig- 
noring the years of work others had put in. 

Let us hope that the Donora disaster will awaken 
people everywhere to the dangers they face from pollu- 
tion of the air they must breathe to live. These 20 suf- 
fered only briefly, but many of the 6000 made ill that 
night will face continuing difficulties in breathing for the 
remainder of their lives. Herein lies the greatest health 
danger from polluted air—continuing damage to the 
respiratory system through years of nonkilling exposure. 

Millions of Americans and most medical scientists had 
been aware of this important public health hazard for 
several years before the Donora episode spotlighted the 
community dangers of industrial air pollution. But the 
U. S. Public Health Service focused its interest on the 
health of workers within the plants. Only after the 
Donora disaster was it drawn into the much more im- 
portant aspect of the problem—the relation of industrial 
air pollution to community health. 

CLARENCE A. MILLS 
College of Medicine, University of Cincinnati 


Correction 


In reference to the article ‘‘Chromatographic Analysis 
of a Mixture of Proteins from Egg White’’ (Science, 
1949, 110, 564), the cation exchange resin Dowex 50 
employed in the experiment cited was obtained in Feb- 
ruary, 1949, from the Microchemical Specialties Com- 
pany, Berkeley 3, California, under the name of Ion-X, 
and not from the Dow Chemical Company as reported 
in the footnote. We have thus far not obtained satis- 
factory results with a sample of Dowex 50, (24427), 
obtained from the Dow Chemical Company on August 8, 
1949. 

HERBERT A. SOBER, GERSON KEGELES, and 
FreD J. GUTTER 
National Cancer Institute 
National Institute of Health, Bethesda, Maryland 


Molecular Orientation and Intracellular 
Photometric Analysis 


In two recent articles B. Commoner and D. Lipkin 
(Science, 1949, 110, 31, 41) have questioned the validity 
of the microspectrographie techniques of the sort origi- 
nated by Caspersson, whereby quantitative estimates of 
chemical constituents of cells are obtained from measure- 
ments of absorption with a microscope and suitable 
photometric apparatus. Although the main emphasis is 
placed upon the possible influence of molecular orienta- 
tion upon measurements of ultraviolet light absorption 
by nucleotides, it is the conclusion of Commoner and 
Lipkin that ‘‘the entire problem of interpreting intra- 
cellular extinction measurements needs to be reexamined 
with the realization that one is dealing not with true 
solutions but with oriented aggregates of molecules.*’ 
It is worth noting that the criticism did not arise from 
the authors’ observation of an effect of orientation upon 
absorption. It is, rather, based upon inferences from 
certain physical principles, from the meager information 
as to the structure of nucleic acid molecules, and from 
a particular interpretation of selected data on ultraviolet 
absorption published by Caspersson and his students. 

In this laboratory we have been making photometric 
studies of fixed cells, measuring not only the natural 
ultraviolet absorption but, in addition, the absorption of 
the following: (a) the Feulgen reaction, in which color 
is restored to Schiff ’s decolorized fuchsin reagent by the 
aldehyde group of desoxyribose; (b) methyl green stain- 
ing, in which a basic dye of the triphenyl] methane group 
is combined with the phosphoric acid of desoxyribose 
nucleic acid (Pollister, A. W. and C. Leuchtenberger, 
1949, 35, 111) ; and (¢) the Millon reaction for protein, 
in which new chromophores are produced, apparently as 
derivatives of the phenolic group of tyrosine and trypto- 
phane. Our measurements would seem to have been 
made under conditions very favorable for showing any 
effect of molecular orientation upon absorption, since 
they are all on fixed preparations in which, as T. Cas- 
persson pointed out in 1940 (Chromosoma, 1940, 1, 605), 
the dehydration and shrinkage of standard cytological 
technique tend to increase birefringence. Moreover it 
may be added that the senior author has noted that de- 
hydration of precipitated nucleohistone fibers enor- 
mously increases their negative birefringence. Yet, in 
spite of these favorable conditions, in thousands of 
measurements there is no case (with the possible ex- 
ception of some anomalous data on striated muscle) in 
which the data can be readily interpreted, by the eri- 
teria Commoner has set forth, as evidence for an effect 
of melecular orientation on absorption. As will be de- 
scribed below: (a) the distribution curves are symmet- 
rical at all extinction values, not tending to cluster near 
0.3; (b) Lambert’s law, that extinction is proportional! 
to thickness, has been repeatedly shown to hold for 
measurements of nuclei, cytoplasm, and intracellular sub- 
stance; (c) there is good evidence that extinction varies 
directly with the concentration for the Feulgen nucleal 
reaction and for ultraviolet absorption of at least some 
living cells; and (d), as expected from the above, we 
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Fig. 1. Typical distribution curves of photometric data. 
A—wSections of nucleoli, corn pollen mother cells, Millon re- 
action, 365 mu. B—Nuclei of mouse sarcoma (fresh tumor 
tissue), methyl green, 625 mu. C—Sections of nucleoli, 
corn pollen mother cells, 254 mu. D—Mouse primary sper- 
matoeyte nuclei, Feulgen reaction, 557 mu. &—Prelepto- 
tene nuclei from mouse testis, Feulgen reaction, 557 mu. 


have found in these materials that rotation of the pola- 
rizer has no effect upon absorption in visible light. 
Finally, it may be added that in our opinion the selected 
data used by Commoner, instead of supporting the view 
that orientation of nucleic acid is affecting absorption 
values, actually indicate the contrary and support what 
we have found. 

In Fig. 1 are shown a number of typical distribution 
curves of extinction values. The values have been cor- 
rected for nonspecific light loss by subtraction of meas- 
ured blanks in cases where such blanks absorbed signifi- 
cantly. Some populations are in a range entirely above 
0.3, others entirely below, while one overlaps this expected 
limiting value which corresponds to 50 percent trans- 
mission. All of the curves show the sort of symmetry 
that is characteristic of a population varying in random 
fashion, like many biological samples or measurements 
with random errors. There is no hint of the operation 
of any special factor tending to depress the higher values 
or to cause marked distortion in the vicinity of 0.3. This 
same symmetry characterizes the curves Commoner has 
plotted from data of the Caspersson school (e.g., see his 
Fig. 4A). 

Commoner points out that if there is an orientation 
effect, ‘‘then the value E=0.3 tends to be limiting de- 
spite rather large variations in thickness of the mate- 
rials studied.’’ In other words, marked deviations from 
Lambert’s law should result. Actually, in practice, it is 
so generally true that Lambert’s law holds in cytological 
absorption work that often the absorption will detect 
thickness differences which are not readily apparent to 
visual inspection, and only become confirmed when thick- 
ness is carefully measured. Many simple experiments 
have served to point up this fact. For example, Cas- 
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tinction and thickness of absorbing material (Lambert's 
law). A—Ambystoma liver nuelei, cut at various thick- 
nesses, Feulgen reaction, 30% formalin fixation, 557 mu. 
Each point represents the mean extinction on ten nuclei. 
B—Living grasshopper spermatocyte, 257 mu, replotted 
from Caspersson (Chromosoma, 1939, 1, 147, Fig. 7. Since 
none of the grasshopper nuclei studied in the paper is smaller 
than 10.0u in diameter, it is assumed that the scale on the 
abscissa of Caspersson’s Fig. 7 should read 0-50 nu. instead 
of 0-5 


persson described a demonstration that Lambert’s law 
holds for the ultraviolet absorption of nucleic acid in 
living nuclei (Chromosoma, 1939, 1, 147). He measured 
the absorption along various transects of a spherical 
spermatocyte nucleus, and showed that for each point the 
measured value was that expected for the thickness of the 
nucleus. We have replotted Caspersson’s values (Fig. 
2B), converting absorptions into extinctions. The curve 
shows no tendeney to level off at 0.3, as would be expected 
if there were an orientation effect. We have made several 
similar demonstrations on nuclei. In a Feulgen-stained 
preparation we have measured a series of eylindrical 
nuclear plugs of decreasing radius, and found that, once 
the circumference is inside the peripheral zone of dif- 
fraction, the extinction rises in close approximation to 
expectation from the increasing optical path as the 
nuclear center is approached. Measurements of nuclear 
sections also show that Lambert’s law is closely followed 
(Fig. 2A). That Lambert’s law holds for the Millon 
reaction over a wide range of thicknesses (3 to 25n) 
and extinetions (0.17 to 1.20) has been demonstrated by 
A. W. Pollister and H. Ris (Cold Spr. Harb. Sympos. 
quant. Biol., 1947, 12, 147). 

In the preceding paragraph it has been shown that 
with the various methods which have been used in miecro- 
scopie absorption studies, Lambert’s law is followed with 
no indication of the influence of molecular orientation. 
It seems to us that this is convincing proof that in these 
cytological materials, if there is orikntation of the 
chromophores of nucleic acid or protein or their deriva- 
tives, or dyes attached to them, this orientation has no 
measurable effect upon the relative absorption values. 
In other words, the Beer-Lambert law must be similarly 
uninfluenced by the orientation; for it seems self-evident 
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that if molecular orientation does not significantly affect 
the relationship between extinction and thickness of ab- 
sorbing layer it cannot influence the relation of absorp- 
tion to concentration in the same material. Therefore 
the photometric measurements should be capable of de- 
tecting changes in amount of absorbing material. 
There is good evidence that such changes can be de- 
tected. For example, losses of material from cells as a 
result of tissue extraction (Pollister, A. W. and Leueh- 
tenberger, C. Proc. nat. Acad. Sci., 1949, 35, 66), en- 
zymatie digestion (Pollister, A. W. and Leuchtenberger, 
C. Nature, Lond., 1949, 163, 360), or of necrotic de- 
generation (Leuchtenberger, C. Chromosoma, in press) 
are thus readily picked up. The strongest proof of the 
real value of the cytological absorption technique comes 
from study of nuclei of varying chromatin content. It 
has long been known that nuclei of mammalian liver 
fall roughly into classes according to size, and it is gen- 
erally accepted that these represent different degrees of 
polyploidy (Jacobj, W. Arch. f. Entw., 1925, 106, 124). 
For example, the three classes in the liyer of the mouse 
and rat are presumably diploid, tetraploid, and octoploid. 
When these nuclei, stained by the Feulgen reaction, are 
measured photometrically, the computed relative values 
for desoxyribose nucleic acid fall close to the ratio 
1:2:4.1 The haploid nuclei of spermatids have close 
to one-half the amount of the smallest class of liver 
nuclei. We submit that such a correlation of calculated 
relative amounts with expectation from the presumed 
multiple of the basic amount of chromatin is highly un- 
likely to be obtained by photometric analysis if some ex- 
trinsic factor such as molecular orientation is operating 
to obseure the relationship between optical density, con- 
centration, and thickness. 

We have measured in polarized visible light (analyzer 
removed) fixed nuclei stained with either Feulgen or 
methyl green, from grasshopper (Chortophaga) testis, 
and from mouse liver and testis. We have found no 
evidence of dichroism in any of this material, although 
the sperm heads of the grasshopper are highly bire- 
fringent, and hence presumably have a high degree of 
molecular orientation. If the methyl green were bound 
in such a fashion as to reflect the orientation of the 
nucleic acid, a rotation of the polarizer have caused a 
detectable effect on the transmission, since erystals of 
methyl green are markedly dichroic. 

Commoner (see his Fig. 2) cites the data which Cas- 
persson reported for spermatocyte nuclei of various di- 
ameters as a case where absorption measurements 
‘“strikingly fail to follow the Beer-Lambert laws.’’ 
Obviously this is a ‘‘striking failure’’ only if one as- 
sumes that the concentration of nucleic acid remains 
constant as the nuclear volume increases. Commoner 
has apparently overlooked the fact that Caspersson in- 
terprets his data very differently, as showing that in 
spite of some changes in nuclear size, at a given stage in 
meiosis the amount of desoxyribose nucleic acid per nucleus 
remains nearly constant. He showed this by calculations 

1 These data will be discussed in detail in a future paper 


by the junior author. Similar ratios have been obtained by 
Ris and Mirsky, J. gen. Physiol... 1949. 38, 125. 
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Fic. 3. Relation between nuclear size and extinction in 
two types of nuclei. Solid lines show the theoretical rela- 
tion between diameter and extinction, assuming the amount 
of absorbing substance is constant per nucleus and the Beer- 
Lambert law holds. A—Living grasshopper spermatocytes, 
late leptotene, 257 mu (data from Caspersson). B—Rat 
spermatid nuclei, Feulgen reaction, 557 mu. 


which appear in a column adjacent to the extinctions 
which Commoner has plotted. Since, in an earlier part 
of this paper, Caspersson had demonstrated that the 
Lambert law was closely followed for these very nuclei 
(see our Fig. 2B) it seems to us that, instead of being an 
example of failure of the Beer-Lambert law, these data 
indeed provide a striking demonstration of its validity 
for ultraviolet absorption of nucleic acid in these living 
nuclei. We have replotted Caspersson’s data for the 
leptotene stage (Fig. 3A) to show that the extinctions 
follow what one would expect from varying concentra- 
tions of a constant mass of absorbing material. It has 
been our common experience in this laboratory that, as 
Caspersson first found, the minor size fluctuations of 
any type of nucleus (i.e., those differences which pre- 
sumably do not involve any change in degree of poly- 
ploidy) are always accompanied by compensatory inverse 
changes of concentration of desoxyribose nucleic acid, as 
if the amount remained very nearly constant. An ex- 
ample is shown in Fig. 3B, from a population of haploid 
spermatid nuclei. If one is to explain such an inverse 
relationship of extinction to optical path as a failure 
of the Beer-Lambert law due to some obscure effect 
of molecular orientation, then one is forced to the un- 
likely assumption that this error seems always just 
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great enough to make the extinction at all volumes con- 
form to the expectation if a constant amount of nucleic 
acid is being diluted as the nuclear volume inereases. 
It may be added that this concept of the constaney of 
desoxyribose nucleic acid per nucleus is supported by 
recent evidence which has come from correlation of 
gross analyses with cell counts (Mirsky, A. E. and Ris, 
H. Nature, Lond., 1949, 163, 666; Vendrely, R. and 
Vendrely, C. Experientia, 1948, 4, 434). It is also con- 
sistent with the demonstration of the extraordinary 
stability of the desoxyribose nucleic acid fraction in 
interphase nuclei (Brues, A. M., Tracy, M. M., and Cohn, 
W.E. J. biol. Chem., 1944, 155, 619). 

The positive evidence which Commoner has used to 
show that molecular orientation may have an important 
effect upon absorption values comes from his interpreta- 
tion of the data which have been published by workers 
of the Caspersson school. Commoner restricts his selec- 
tion to cases where the area measured is small, 1.0 yw 
or less because, ‘‘if the field is large, differences in the 
spatial organization of various areas included in it may 
obscure the orientation effect.’’ Yet if material is so 
heterogeneous that one must, for measurement, select an 
area one yu or less in diameter to find approximate uni- 
formity, how can it be expected that this small eylindri- 
eal mass will be homogenous through a section depth of 
5 to 16 wu? From these selected data Commoner has 
plotted distribution curves, and has concluded that ‘‘ The 
occurrence of several sets of measurements with well- 
defined maxima at 0.3 suggest that the orientation effect 
has probably influenced the values obtained.’’? These 
significant maxima occur in three of his six curves, 4B, 
4C, and 5. Of these, the last alone is probably plotted 
from values which are close to the actual 257 my ab- 
sorption characteristic of the material. For only im 
this case have the extinctions been corrected for non- 
specific light loss, which by the Caspersson method is 
computed by extrapolation from a part of the absorp- 
tion curve which lies outside the region of specifie ab- 
sorption. In H. Hyden’s paper on fixed nerve cells (Acta 
Physiol. Skand., 1943, 6, suppl. 17), from which the un- 
corrected extinctions of 4C have been plotted, the au- 
thor has included with about one-third of the measure- 
ments a dispersion curve from which one ean estimate 
the correction for nonspecific light loss. When this is 
applied to the extinctions of about 0.30, it reduces 
them to values ranging from 0.15 to 0.20. Thus the 
maximum for curve 4C is not 0.3 but somewhere near 
one-half of this. The data of 4B are likewise uncor- 
rected, and from the shape of the accompanying curves 
it appears that the true mode must lie considerably 
below 0.3. Thus, of the six distribution curves only one 
(Fig. 5) actually shows a maximum near 0.3. Aside 
from the occurrence of this maximum there is little in 
curve 5 to support the view that the values have been 
influenced by molecular orientation. The extinctions 
do not cluster below 0.3, as expected from Commoner’s 
theoretical curve 3B; instead they appear to be grouped 
fairly symmetrically about the mode, with, if anything, 


a slight preponderance of values slightly higher than the 
expected limit. 

Commoner suggests that reorientation of the chromo- 
phores of nucleic acid may account in large part for the 
changes in ultraviolet transparency which accompany 
cell injury and death, and are such an obstacle to quanti- 
tative absorption studies on living eells. So far as we 
know, it has not yet been learned whether these are 
alterations in specific light loss, which could be influ- 
enced by chromophore orientation, or changes in non- 
specific internal reflections and scattering (Caspersson, T. 
Skand. Arch. Physiol., 1936, 73, suppl. 8), which should 
be independent of orientation of the chromophores. 
There is qualitative evidence which suggests that most of 
the change in optical properties in dying protoplasm 
may be of the latter type. Students of living cells are 
familiar with the fact that in visible light, where there 
is no specific absorption, the most delicate criteria of cell 
injury are changes in the transparency of the protoplasm 
and an increase in the differences in refractive indices 
among the visible cell components. These should lead to 
marked changes in the amount of nonspecifie visible light 
loss, and should, insofar as light scattering is involved, 
be enormously exaggerated in ultraviolet light. 

The addition of the method of photometric analysis to 
microscopy marks one of the great forward steps in the 
study of cells. If this approach can be used to substi- 
tute objective relative values for such time-worn sub- 
jective cytological phrases as ‘‘more basophilie,’’? and 
‘‘less Feulgen-positive,’’ then we truly have in our hands 
a powerful tool for the study of biology at the level of 
its characteristic microscopic unit, the single eell. It is 
important, however, that workers with these techniques 
become aware of all possible sources of error which may 
be constantly or sporadically present. Commoner and 
Lipkin have performed a useful task by ealling our at- 
tention, in very explicit fashion, to one potential error 
which it would seem must become significant in some 
biological material. However, it does not appear that in 
most common eytological preparations the orientation of 
the chromophores of the constituent molecules has an 
appreciable effect upon the validity of absorption 
measurements. 


ARTHUR W. PoLuLIsteR and Hewson H. Swirt 
Columbia University, New York City 


The foregoing comments of Pollister and Swift on the 
discussion by Dr. Lipkin and myself of certain aspects of 
microspectrophotometry are apparently intended to de- 
fend ‘‘the validity of the microspectrographie techniques 
of the sort originated by Caspersson.’’? The authors may 
be assured that the techniques are not under fire from 
this quarter—a point which should be evident from the 
original papers. 

Our papers deai rather with the validity of the wide- 
spread assumption that the Beer-Lambert laws may be 
applied with impunity to physical states as complex and 
dynamic as those encountered in living eells. The discus- 
sion was limited to the single case in which there are suf- 
ficient data relating to the optical properties of a natural 
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intracellular constituent to warrant any sort of analysis: 
the absorption of ultraviolet light by nucleic acids. The 
analysis led to the suggestion that, on the basis of present 
information, the assumption that nucleic acid concentra- 
tion of cell structures is necessarily proportional to their 
extinction at 260 mu is not a valid one. 

Let us now examine the series of arguments made by 
Pollister and Swift in terms of their applicability to our 
basie proposition. 

1) That our discussion ‘‘did not arise from the 
authors’ observation of an effect of orientation upon ab- 
’’ This statement offers the reader a choice of 
either of two meanings. It may mean that Pollister and 
Swift find fault with our analysis because no observa- 
tions of the effect of orientation of cellular materials on 
absorption have ever been made. If this is the case, 
their statement is inaccurate. As pointed out in our pa- 
pers (Science, 1949, 110, 34), such observations have been 
made by T. Caspersson (Chromosoma, 1940, 1, 605). On 
the other hand, their remark may mean to imply that the 
discussion of the problem by Dr. Lipkin and myself is 
disqualified by the fact that we ourselves have never ¢on- 


sorption. 


ducted such experiments. This unprecedented dictum 
would require the abandonment of a large part of science. 

2) That the papers were ‘‘rather, based upon infer- 
ences from certain physical principles. ...’’ The anal- 
ysis of data by means of such inferences is so widespread 
as to merit at least some support on the basis of empirical 
success. If the practice were forbidden or frowned upon, 
among the first to suffer would be those who make ap- 
plications of the Beer-Lambert laws. 

3) That studies in Pollister’s laboratory show no evi- 
dence that various staining procedures and histochemical 
tests exhibit properties connected with orientation, i.c., 
dichroism, asymmetrical distribution frequencies, failure 
to follow Lambert’s law. Most of Pollister and Swift’s 
commentary is concerned with this evidence, but as a 
reference to the title of the original discussion will show, 
it has no bearing on the question at hand. That such 
color reactions may be unaffected by the orientation of 
the material tested is clear from the experiment of stain- 
ing crystalline tobacco mosaie virus inclusions with the 
Millon reagent. Although the crystal itself is dichroic in 
ultraviolet light, the Millon color shows no evidence of 
orientation in polarized light. A similar experiment is 
reported by Pollister and Swift themselves. This, of 
course, suggests that the orientation effect is not a prob- 
lem in obtaining extinctions yielded by the colored groups 
produced in these staining procedures, but it does not 
constitute proof that extinctions due to nucleic acids are 
unaffected by orientation. 

However, since the subject has been brought up, I 
may take this opportunity to suggest that the quantitative 
validity of the staining procedures cited by Pollister and 
Swift is open to doubt on other grounds. Some of the 
questions which require answers before these procedures 
may be said to conform with the elementary requirements 
of quantitative analysis are these: (1) Are the color- 
producing reactions stoichiometric? (2) Does the entire 
mass of the cellular material tested react with the reagent, 


or does the reaction take place only on the surface of 
microscopic or submicroscopie particles? (3) Does 
Beer’s law hold for the conditions of the tests? There is 
considerable evidence (Ostwald, W. Licht und Farbe in 
Kolloiden. Dresden: Steinkopf, 1924. P. 308) that this 
relationship breaks down when the size of the light-ab- 
sorbing particles approaches microscopic dimensions. 

4) That Caspersson (Chromosoma, 1939, 1, 147) has 
demonstrated the validity of the Beer-Lambert laws by 
studying (a) the extinction of a grasshopper spermato- 
cyte nucleus through transects of various thickness, and 
(b) the extinction of a group of such nuclei which have 
presumably swollen under the influence of ultraviolet ir- 
radiation without suffering a change in total nucleic acid 
content. The actual data on which this criticism is based 
are these: (a) Fig. 7 of the paper published by Caspersson 
in 1939 shows a series of absorption measurements made 
through transects of various thickness of the nucleus of a 
single grasshopper spermatocyte. The values indicate 
that the extinction is proportional to the thickness at the 
point studied. According to the published seale of the 
abscissa of his figure, the nucleus had the improbable di- 
ameter of 2.1 yu, but Pollister and Swift claim that the 
scale is erroneous and that the value should be 21 uw. 
(b) In Table 1 of the same paper Caspersson reports the 
diameters, extinctions, and calculated nucleie acid con- 
tents of a series of spermatocyte nuclei in various stages 
of meiosis. 

Pollister and Swift contend that the data listed under 
(a) constitute proof that Lambert’s law holds for all 
the nuclei mentioned in (b). They make the further 
claim that the nucleic acid content per spermatocyte nu- 
cieus remains ‘‘nearly constant’’ in any given stage of 
meiosis. These two assertions are offered as support for 
the statement that ‘‘these data indeed provide a striking 
demonstration of its [i.e., the Beer-Lambert law’s] valid- 

Some exception can be taken to this deduction. Meas- 
urements on a single nucleus, plotted on a scale which 
needs to be reinterpreted by Pollister and Swift, seem but 
slender support for a conclusion of such moment. Fur- 
thermore, Caspersson’s figure presents another difficulty 
which needs to be resolved: It shows a zero absorption in 
the cytoplasmic regions of the spermatocyte; yet photo- 
graphs of similar cells published in the same study indi- 
cate significant cytoplasmic absorption. 

Pollister and Swift state that I have overlooked that 
part of Caspersson’s table which reports what they term 
the ‘‘nearly constant’’ values of nuclear nuclei¢ acid con- 
tent. Two errors of fact can be noted here. In the first 
place it would have been rather difficult to overlook this 
matter, since Dr. Pollister and I had a searching discus- 
sion of this table at the time that he was studying the 
first draft of my paper. Second, the value is far from 
constant. For the meiotic stage plotted by Pollister and 
Swift, Caspersson gives eight values, ranging from 20 to 
26 mgx10~° of nucleic acid. For an earlier stage, in- 
eluded in the original table, but not plotted by Pollister 
and Swift, Caspersson reports five values, spread over 
the range 11.2 to 19.6 mg x 10~° of nucleic acid. In these 
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data, one might envision a validation of the Beer-Lambert 
laws. The supporting evidence, however, is sufficiently 
flexible to allow considerable room for a difference of 
opinion. 

5) That the demonstration of Lambert’s law is suffi- 
cient to rule out the possibility of deviations from Beer’s 
law due to orientation phenomena. This would consider- 
ably simplify the calibrations which must be made of 
many colorimetric reactions. Unfortunately, variations 
in concentration per se induce a number of intermolecular 
effects (including orientation) which can play hob with 
Beer’s law. As cited in our original papers, this has been 
amply demonstrated by the work of Sheppard et al. Par- 
ticularly pertinent is the well-known observation that with 
increasing concentration, solutions of tobacco mosaic virus 
will develop tactoid aggregates comprised of highly ori- 
ented particles. More prosaic but equally pertinent is 
the fact that concentration of salt solutions, for example, 
induces the formation of oriented aggregates (crystals) 
from a totally isotropic fluid. 

6) That the frequency distributions plotted in my pa- 
per show false maxima at the range E=0.3 because a 
correction for nonspecific light losses was not applied. 
Pollister and Swift state that to obtain the real extine- 
tions due to nucleie acids, the dispersion curves shown by 
H. Hyden (Acta Physiol, Skand., 1943, 6, suppl. 17) in 
eight of his absorption spectra should be applied to all 
but one of the sets of data plotted by me, as well as to 
every value obtained by Hyden. Now on page 18 of his 
paper, Hyden states explicitly that dispersion corrections 
do not apply to tissues handled (as his were) according 
to the freeze-drying method of Gersh, unless they happen 
to have a large water content. He points out that the 
latter condition occurs in only a certain part of his ma- 
terial (representing eight values), and therefore the dis- 
persion correction is applicable to these points alone. 
Furthermore, Pollister and Swift assume that ‘‘one can 
estimate the correction for nonspecific light loss’’ from 
Hyden’s dispersion eurves, and that this value can then 
be applied to all data which seem to lack such a corrective 
measure. This assumption neglects the fact that the cor- 
rection factor, according to Caspersson, must be caleu- 
lated from a series of extinctions in the range 300-350 muy 
determined at the precise area of the cell to which the 
correction is to be applied. The dispersion curves are so 
variable that, for the eight cases which call for them, 
Hyden supplies individually determined corrections, even 
where two areas in the same cell are involved. There is 
therefore no basis for the indiscriminate application of 
a single correction factor to a wide variety of data. 

One manifestly absurd result would be obtained by fol- 


lowing the suggestion that a correction factor of about 
0.15 be subtracted from all the extinction values not pre- 
viously corrected by the authors. A significant portion of 
the values in each set of data (ranging from 10 to 50 
percent) would be reduced to zero—or less. This would 
mean, for example, that about one-half of the chromosome 
regions studied by Caspersson (see Science, 1949, 110, 37, 
Fig. 4E for frequency distribution) would appear to be 
totally devoid of nucleic acid. 

7) That a series of 35 sections of fixed nucleoli from 
corn pollen mother cells show a modal extinction value 
(at 254 my) well above 0.3 and therefore exhibit no evi- 
dence of the orientation effect. It would be possible to 
agree that this evidence indicates that nucleic acid orien- 
tation is of no consequence in the single case of fixed 
nucleoli of corn pollen mother cells, if it were not for one 
disturbing factor—namely, nonspecific light loss. These 
data were obtained by determining the extinetion at 254 
mu of nucleoli before and after treatment with trichlor- 
acetic acid at 90° C. The extinctions plotted in Pollister 
and Swift’s Fig. 1C are presumably the differences be- 
tween these two values. This procedure assumes, how- 
ever, that the treatment of a nucleolus with near-boiling 
trichloracetie acid is so gentle as to make no appreciable 
changes in the intracellular structure which gives rise to 
nonspecific light losses. This assumption has yet to be 
given the support of experimental evidence. 

It seems to me that certain current microspectropho- 
tometrie practices do not adequately reflect the fund of 
information that modern physical chemistry has placed at 
the disposal of biologists. One of the simple but vital 
lessons to be learned from the experiences of routine 
photochemistry pertains to the Beer-Lambert laws. Few 
analysts would choose to depart from the rule that any 
colorimetric reaction must first be calibrated with respect 
to known differences in concentration (and if necessary, 
sample thickness) before the extinctions yielded by un- 
known samples ean be evaluated. More frequently than 
not, the result is a calibration curve which shows con- 
siderable deviation from the straight line ealled for by 
the laws of light absorption. If the monophasic systems 
of solution photometry involve such persistent departures 
from the Beer-Lambert laws, an equally cautious ap- 
proach to the interpretation of extinctions obtained from 
cellular structures is called for. Such caution might have 
more than the negative value of preventing errors, for it 
could lead to a better understanding of the organization 
of matter that is peculiar to living things. 


BARRY COMMONER 


Washington University, St. Louis, Missouri 
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of intestinal motility. (Monographs in the Physiologi- 
eal Sciences.) New York-London: Interscience, 1949. 
Pp. ix+129. (MIllustrated.) $4.75. 
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NEWS 
and Notes 


Merle A. Tuve, director of the 
Department of Terrestrial Magne- 
tism, Carnegie Institution of Wash- 
ington, has been elected an honorary 
fellow of the Geophysica! Institute, 
University of Alaska. Dr. Tuve was 
cited for his work in the field of elec- 
tromagnetic wave propagation, his 
studies in nuclear physics, and his 
more recent contributions in the field 
of compressional wave propagation. 


Edmund Ezra Day, chancellor of 
Cornell University, will retire Janu- 
ary 31. He has been president of the 
university from 1937 until last July. 
when he became chancellor. The 
office of chancellor was created for 
Dr. Day when he submitted at com- 
mencement last June his resignation 
as president for reasons of health. 
A committee of six trustees and five 
faculty members has been appointed 
to review and recommend candidates 
for the presidency to the board of 
trustees. 


Louis A. Pardue, University of 
Kentucky physicist, became chair- 
man of the Council of the Oak Ridge 
Institute of Nuclear Studies on Jan- 
uary 1. He succeeds J. Harris 
Purks, Jr., who resigned from 
Emory University and the council 
to become associate director of the 
institute ’s General Education Board. 


Benjamin J. Birdsall, who has 
been working with the Office of 
Foreign Agricultural Relations in 
its technical collaboration program 
with the western hemisphere repub- 
lies, left the Department of Agricul- 
ture December 31 to serve as tropical 
agriculturist for W. R. Grace and 
Company. 


S. W. Frost, on sabbatical leave 
from the Department of Zoology and 
Entomology, Pennsylvania State Col- 
lege, will sail February 10 to spend 
three months in Eeuador. He plans 
to collect insects from the coastal 
plain, the plateau area, and the up- 
per Amazon Valley of Eeuador. 


John G. Kidd, professor of pa- 
thology, Cornell University Medical 
College, and chief pathologist, New 
York Hospital, will deliver the 14th 
Christian Fenger Lecture of the 
Chicago Institute of Medicine and 
the Chicago Pathological Society on 
January 27, at the Palmer House, 
Chicago. His subject will be ‘‘ Ex- 
perimental Necrobiosis—A Venture 
in Cellular Pathology.’’ 


Sidney P. Colowick, associate 
professor in biochemistry, University 
of Illinois, has been appointed asso- 
ciate professor of biology at the Me- 
Collum Pratt Institute of Johns Hop- 
kins University, effective January 1. 


Ralph E. Gould retired December 
30 after more than 31 years’ service 
with the National Bureau of Stand- 
ards, where he has been the chief 
of the Time Section for the past 26 
years. 


A. A. Bitancourt, director of 
plant biological research, Instituto 
Biologico, Sao Paulo, Brazil, became 
director general of the institute De- 
eember 7, 1949. Dr. Bitancourt suc- 
ceeds H. da Rocha Lima, who 
recently retired. 


U. S. scientists invited by Centre 
National de la Recherche Scientifique 
to attend the symposium ‘‘Ferro- 
magnetism and  Antiferromagne- 
tism,’’ to be held at Grenoble July 
3-7, include J. H. Van Vleck, chair- 
man of the Physics Department, 
Harvard University ; N. M. Bozorth, 
research physicist, Bell Telephone 
Laboratory ; Roman Smoluchowski, 
associate professor of the Metals Re- 
search Laboratory, Carnegie Institute 
of Technology. 


Visitors to U. S. 


J. A. BGGk, heredity researcher at 
the University of Lund, Sweden, will 
be engaged in social-medical studies 
at the University of Minnesota this 
year. 


Recent visitors at the National 
Bureau of Standards were P, Grivet, 
professor of physics at Ecole Nor- 
male Supérieure, Sorbonne, Paris; 
L. Shahed and Y. E. Wakil, army 
dentists to the Egyptian Army Medi- 
cal Corps; John Rogers, resident 


lecturer with the School of Mines 
and Metallurgy, University of Otago, 
Dunedin, New Zealand. 


Grants and Awards 


A three-year research fellowship 
of $2500 a year, established at the 
Purdue University School of Phar- 
macy by Smith, Kline and French 
Laboratories of Philadelphia, has 
been awarded to Charles F. Peter- 
son. Mr. Peterson is working toward 
his Ph.D. degree in pharmacy, on ‘‘A 
Study of the Rectal Administration 
of Medicinal Substances. ’’ 


The fourth annual award of the 
Mary Soper Pope Medal for dis- 
tinguished accomplishment in botani- 
eal science, given by the Cranbrook 
Institute of Science, was presented 
at the AAAS annual meeting to a 
Carnegie Institution of Washington 
research team. The team, which is 
working at the Stanford laboratory 
in California, is headed by Jens Clau- 
sen, geneticist; the other two recipi- 
ents are David D. Keck, taxonomist, 
and William M. Hiesey, physiologist. 
The principal joint investigations of 
the three men, who have worked to- 
gether over a period of two decades, 
are in the field of experimental tax- 
onomy, combining the concepts and 
tools of genetics, cytology, ecology, 
and geography. 


The Pope medal was given last 
year to William Vogt for his work in 
conservation, especially in Latin 
America. Previously the medal had 
been awarded to C. C. Deam, Indiana 
state botanist, and to Frans Ver- 
doorn, publisher of Chroniea Botan- 
iea, for his work in improving inter- 
national relations in plant sciences. 


The Adolphe Wetrems Prize in 
physies and mathematics has been 
awarded by the Belgian Royal Acad- 
emy of Sciences, Letters and Fine 
Arts to René Bailly, assistant pro- 
fessor in the Department of Geol- 
ogy, Washington University, St. 
Louis. This prize of $3000 is awarded 
every two years for work of value 
in science. 


T. A. Boyd, of General Motors Re- 
search Laboratories, was presented 
the Horning Memorial Award by 
the Society of Automotive Engineers 
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on January 11, at the society’s an- 
nual meeting at Detroit. The award 
honors Mr. Boyd’s outstanding con- 
tributions during his 30-vear study of 
fuels and engines. 


Fellowships 


Six Daniel and Florence Guggen- 
heim Jet Propulsion Fellowships 
of $2,000 a year each will be awarded 
this year. Granted for a period of 
two years, they are open to qualified 
applicants for advanced study in the 
fields of rocket and jet propulsion 
engineering. Three of the postgrad- 
uate fellowships are for work at 
Princeton University and the other 
three at the California Institute of 
Technology at the Jet Propulsion 
Centers established at the two in- 
stitutions in 1948 by the Guggen- 
heim Foundation. 


The 1950-51 Tau Beta Pi fellow- 
ships are available to members doing 
graduate work in engineering. Each 
$1,200 fellowship is payable in ten 
monthly installments, and at least 
seven awards will be made. Appli- 
cation blanks and information can be 
obtained from Paul H. Robbins, Di- 
rector of Fellowships, 1121 15th 
Street, N.W., Washington 5, D. C. 
Applications must be mailed by Feb- 
ruary 28. Awards will probably be 
announced by March 31. 


The establishment of a founda- 
tion for encouraging microbiologi- 
cal investigations in France, to be 
known as the Waksman Foundation, 
has been approved by the trustees 
of Rutgers University Research and 
Endowment Foundation, which holds 
the patents on streptomycin and 
other antibiotics developed by Sel- 
man A. Waksman of the university’s 
Department of Microbiology. The 
foundation was launched with an in- 
itial contribution of three million 
francs from Rhone-Poulenc, French 
chemical concern which has recently 
been licensed by the Rutgers Re- 
search and Endowment Foundation 
to engage in the manufacture of 
streptomycin in France. Royalties 
due the Rutgers Foundation from 
this company and any other French 
licensees will be paid to the French 
foundation. The funds will be used 
to support research on antibioties 


and other problems in the field of 
microbiology in France. 

Four grants, totaling 2,140,000 
franes, were proposed by the Com- 
mittee of the French Foundation at 
its first meeting last month. Three 
of the grants will go to workers at 
the Pasteur Institute in collabora- 
tion with various hospitals in Paris, 
the other to a staff member of the 
Biochemical Laboratories of the Min- 
istry of the Colonies. Members of 
the foundation’s executive committee 
are S. M. Delepine, of the French 
Institute and the French Academy 
of Medicine; Jacques Trefouel, mem- 
ber of the French Institute and di- 
rector of the Pasteur Institute; and 
R. Paul, scientific director of Rhone- 
Poulene. 


The Department of Physics of 
the University of Texas is accept- 
ing applications for graduate teach- 
ing fellowships for the year 1950-51. 
These fellowships are open to stu- 
dents with a master’s degree or its 
equivalent who are candidates for 
the doctorate. They are for a period 
of nine months and pay $1,620 for 
three-fourths time and $1,080 for 
half-time teaching. Nonresident stu- 
dents who become appointees may 
apply to the Dean of the Graduate 
School for a nonresident tuition 
scholarship which would semit a 
large part of the nonresident tuition. 
Applications stating qualifications 
and personal data, and including let- 
ters of recommendation, should be 
sent to the chairman of the depart- 
ment. Appointments will be made 
April 1, 1950. 


Colleges and Universities 


An intensive search for antivirotics 
—substances of microbial origin 
which may prove effective against 
viruses—has been inaugurated by the 
Rutgers University Department of 
Microbiology. The new laboratory, 
to be known as the Virus Research 
Laboratory, will be headed by Vin- 
cent Groupé, associate professor of 
microbiology, and staffed by a chem- 
ist, a bacteriologist, and a group of 
graduate students and assistants. 
The building, which is the first unit 
of the university’s planned Insti- 
tute of Microbiology, is located on 


the grounds of the New Jersey Agri- 
cultura] Experiment Station and was 
financed by a grant from the Rutgers 
Research and Endowment Founda- 
tion. The virus investigations were 
made possible by a grant of $25,000 
from the Kresge Foundation of De- 
troit. 


A course in clinical neurology will 
be presented at the University of 
Minnesota Center for Continuation 
Study from January 30 to February 
11. The course has been planned 
particularly for neurologists, psy- 
chiatrists, pediatricians, internists, 
and neurosurgeons. Visiting faculty 
members include Fred Mettler, Neu- 
rological Institute, Columbia Uni- 
versity; Walter Klingman, Depart- 
ment of Neurology, University of 
Virginia Hospital; Harold Voris, 
Neurological Surgery, Mercy Hospi- 
tal, Chicago; Earl Walker, Neuro- 
logical Surgery, Johns Hopkins Uni- 
versity. 


Meetings and Elections 


The Injection Molding of Poly- 
styrene will be the subject of a sym- 
posium to be held by the Institute of 
Polymer Research at the Polytechnic 
Institute of Brooklyn January 28, 
with Turner Alfrey, Jr. as chairman. 


A seminar on the status of fun- 
damental research in the psycho- 
physiology of vision will be held at 
Columbia University, January 30- 
31, under the sponsorship of the Of- 
fice of Naval Research and directed 
by Henry A. Imus, head of the Psy- 
chophysiology Branch. Clarence H. 
Graham, professor of psychology at 
Columbia University and a member 
of the ONR Advisory Panel for Psy- 
chophysiology, will lead the diseus- 
sion. Lyle Lanier, of New York 
University, will represent the Panel 
on Human Engineering and Psycho- 
physiology of the Research and De- 
velopment Board. Donald G. Mar- 
quis, executive secretary, will rep- 
resent the Armed Forees-NRC Vision 
Committee. 


The American Chemical Society 
will open its 117th national meeting 
in Houston, Texas, on March 26. 
The Houston session will continue 
until March 30; the second session 
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will be held in Philadelphia April 9- 
13; and the third in Detroit April 
16-20. More than ten thousand 
American chemists and chemical en- 
gineers are expected to attend the 
three sessions. ‘‘Chemicals from 
Petroleum’’ will be the theme of one 
of the principal symposia at the 
Houston meeting. The role of vita- 
min B,. in animal and human nutri- 
tion, new insight into the molecular 
structure of matter, and recent dis- 
coveries in the physical chemistry 
of bone are among other subjects to 
be discussed in several hundred 
papers during technical session held 
under the sponsorship of 18 profes- 
sional divisions of the society. 


A conference on the teaching of 
the earth sciences in secondary 
schools will be held at Boston Uni- 
versity March 17-18. C. W. Wolfe, 
chairman of the Geology Department 
at Boston University, is chairman of 
the conference, which is being spon- 
sored by the Earth Science Insti- 
tute. Information and material may 
be had by writing to the Executive 
Secretary, The Earth Science Insti- 
tute, Revere, Massachusetts. 


L. M. Graves, of the University of 
Chicago, was elected first vice presi- 
dent of the Mathematical Associa- 
tion of America at its annual meet- 
ing held at Columbia University on 
December 30. He succeeds Saunders 
MacLane, also of the University of 
Chicago. Continuing in office are 
R. E. Langer, University of Wiscon- 
sin, president; N. H. MeCoy, Smith 
College, second vice president; and 
H. M. Gehman, University of Buf- 
falo, secretary-treasurer. M. R. Hes- 
tenes, of the University of California 
at Los Angeles, and Marie J. Weiss, 
of Sophie Newcomb College, were 
elected members of the board of 
governors for a two-year term. 


NRC News 


A report entitled Foreign Re- 
search Opportunities for Graduate 
Students in Geography has been 
prepared by the Committee on Op- 
portunities for Foreign Geographic 
Research, Earl B. Shaw, chairman. 

The first part of the report con- 
tains an explanation of the efforts to 
gather information on the subject, 


and general suggestions on the best 
procedure to be followed in present- 
ing a geographical research problem 
to an organization which might be 
interested in supporting it. It is sug- 
gested that the aspects of business 
and industry to which geography can 
contribute are primarily the selee- 
tion of an industrial location, and 
the locating of marketing opportuni- 
ties. Some of the problems to be 
considered in each of these fields are 
listed, and the responsibility of the 
professional geographer to industry 
and to his science is stressed. The 
second part of the report lists pos- 
sible sources for support of for- 
eign geographical research, inelud- 
ing business organizations which 
may aid the research if it is related 
to the firm’s own problems; colleges, 
universities, foundations, and scien- 
tifie societies; and interested gov- 
ernment organizations. 

The report is available without 
charge from the Division of Geology 
and Geography, National Research 
Council, 2101 Constitution Avenue, 
Washington 25, D. C. 


The American Metecrological 
Society is a new affiliate of the 
NRC in the Division of Mathematical 
and Physical Sciences. The society 
has nominated Carl-Gustaf Rossby, 
professor of meteorology, University 
of Chicago, and past president of the 
society, as its first NRC representa- 
tive. Dr. Rossby is known fer his 
theoretical work in general fluid 
circulation, both in the atmosphere 
and in the ocean. 


Five reports of the Nuclear Sci- 
ence Series are available from the 
NRC without charge, on request from 
active workers in nuclear science: 
Nuclear Electric Quadrupole Mo- 
ments and Quadrupole Couplings in 
Molecules, by B. T. Feld; Energy 
Levels of Light Nuclei, by Thomas 
Lauritsen; Neutrons from Alpha 
Emitters, by H. L. Anderson; Mono- 
energetic Neutrons from Charged 
Particle Reactions, by A. O. Hansen 
and R. F. Taschek; and Photoneu- 
tron Sources, by Albert Wattenberg. 

A composite report is now avail- 
able on the five regional conferences 
on University Research and Patent 
Problems, which the NRC Patent 


Policy Survey held in Denver, Berke- 
ley, Chicago, New York, and Atlanta 
last spring. The report contains 
summary digests of the proceedings 
of each of the conferences and a 
composite resumé of the research 
and patent problems discussed. It is 
organized in chapters dealing with 
these problems under the following 
topical groupings: need for a uni- 
versity patent policy, unorganized 
research, organized research, spon- 
sored research, patent management, 
and principles and considerations 
involved in formulating research and 
patent policies. The paper on re- 
search, inventions, and patents, de- 
livered at the Denver conference by 
George N. Robillard, assistant chief 
of Naval Research (for patents) is 
also included. The report may be 
obtained for $1.00 per copy from 
the Patent Policy Survey, National 
Research Council, 2101 Constitution 
Avenue, Washington 25, D. C. 


Deaths 


Hermann Nilsson-Ehle, profes- 
sor emeritus of geneties at the Uni- 
versity of Lund, Sweden, died in 
Lund on December 29 at the age of 
77. He was known for his research 
in genetics and plant breeding and 
had been a member of the Inter- 
national Commission for Genetics 
Congresses since 1911. 


Marcos Tubangui, head of the 
Departnient of Parasitology, Insti- 
tute of Hygiene, Philippines, and 
professor of helminthology, died 
Uetober 26. Dr. Tubangui was au- 
thority on the epidemiology, life 
eyele, treatment, and contro] of 
parasitic worms. 


Sam Rosenfeld, Jr., 41, associate 
professor of therapeutics at Ohio 
State University, died December 7 
of coronary thrombosis. Dr. Rosen- 
feld had also served as senior clini- 
cian at the Columbus cancer clinie 
for the past three years. 


Isaiah Bowman, president emeri- 
tus of Johns Hopkins University, 
died of a heart attack on December 
26 at the age of 71. One of the 
world’s foremost geographers, Dr. 
Bowman had in recent months served 
as chairman of the European Co- 
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operation Administration’s commit- 
tee on overseas territories. He was 
also writing a book at the time of his 
death. 


J. Francis Smith, professor emeri- 
tus of neurology and psychiatry at 
the Philadelphia College of Oste- 
opathy, died at his home in Philadel- 
phia at the age of 53. Dr. Smith 
had served on the staff of the college 
for 17 years before his retirement in 
world war, serving in France with 
1945. He was blinded in the first 
the Royal Canadian Army. 


The Federation of American Sci- 
entists has recently been reorganized 
as a national society with chapters 
in ten scientific centers throughout 
the country. The federation is ac- 
tive in matters where science touches 
on public affairs, particularly the 
control of atomic energy, and spon- 
sors meetings comparable to techni- 
cal sessions of scientific societies. 
The reorganization makes it possible 
for scientists in all parts of the coun- 
try to take a more active part in the 
work of the federation. National 
headquarters of the federation are 
located at 1749 L Street, N.W., 
Washington 6, D. C. 


A new geography of world 
petroleum has been completed by a 
group of petroleum geologists under 
the sponsorship of the American 
Geographical Society. The volume, 
titled World geography of petroleum, 
will be published early this year by 
Princeton University Press. The 
work was done under the editorship 
of the geologist Wallace Pratt, with 
the assistance of Dorothy Good, of 
the American Geographical Society, 
and will contain much new material, 
including fifty specially prepared 
maps and numerous tables and 
diagrams. 


A series of one-week teacher 
training courses in the medical 
hazards of atomic warfare is being 
sponsored by the U. S. Atomic En- 
ergy Commission, in cooperation 
with the National Security Resources 
Board and the General Services Ad- 
ministration. The courses will pro- 
vide information and materials to 


selected members of the medical pro- 
fession, who in turn will instruct 
physicians, dentists, and nurses in 
local areas as part of state and mu- 
nicipal civil defense programs. 

The first of the courses will be 
held in March at the Argonne Na- 
tional Laboratory, the University of 
Rochester, and Western Reserve 
University School of Medicine. 
Courses will be offered later in the 
spring at the University of California 
at Los Angeles, the University of 
Utah School of Medicine, University 
of Alabama School of Medicine, and 
Johns Hopkins School of Medicine. 


The Wellcome Historical Medi- 
cal Library in London was formally 
opened last month. This library of 
more than 200,000 volumes has been 
built up over the past fifty years, 
and represents a private interest of 
the late Sir Henry Wellcome. The 
collection of books printed before 
1500 A.D. contains 632 volumes and 
the 16th century collection of 4,000 
volumes is equally important. Special 
collections include works on travel, 
botany, alchemy, occultism, tobacco, 
plague, archaeology, anthropology, 
and folklore. There is also a large 
modern selection. Although the li- 
brary is for reference only and no 
books can be lent there are ample 
accommodations for readers, inelud- 
ing microfilm and photostatie service. 
Historical and bibliegraphical in- 
quiries, which should be made by 
letter, will be answered by the li- 
brary staff. Scientific societies and 
other such groups can arrange for 
special visits to the library. A gen- 
eral catalogue is being prepared. 


Fertility and Sterility, the new 
journal of the American Society for 
the Study of Sterility, will appear 
for the first time this month. It 
will contain original articles derived 
from the fundamental, medical, or 
veterinary sciences relating to the 
diagnosis and treatment of human 


infertility. Pendleton Tompkins is 
the editor. 
Recently Received— 


Public Health Research Institute of 
the City of New York: Annual 


Report 1948-49. City of New 
York, Inc. Foot of East 15th 
Street, New York City. 


Synopsis of Researches at the Ben- 
gal Immunity Laboratory, May 
1947-April 1948. Bengal Im- 
munity Research Institute, 39, 
Lower Cireular Road, Caleutta 16, 
India. 


Effects of Feeding DDT-Sprayed 
Insects to Fresh-Water Fish. 
Special Scientific Report, Fisher- 
ies No. 3. Fish and Wildlife Serv- 
ice, U. S. Department of Interior, 
Washington, D. C. 


Selected Bibliography of the Spe- 
cialized Agencies Related to the 
United Nations. Columbia Uni- 
versity Press, Morningside 
Heights, New York City. 25 cents. 


Annual Reports of the Technical 
Committees, Institute of Naviéga- 
tion, May 1948-49. University 
of California, Los Angeles 24. 


Sugar Derivatives: A Survey of Po- 
tential Production Costs. Harold 
E. Bode. Technological Report 
Series, No. 6. Sugar Research 
Foundation, Ine., New York City. 


The Intensities of Isotopic Carbon 
Bands in the Spectra of Twenty- 
One R-Type Stars. Vol. 7, No. 
26. Andrew McKellar. Depart- 
ment of Mines and Resources, Do- 
minion Astrophysical Observatory, 
Victoria, B. C., Canada. 


Make Plans for— 


Southern Association of Science 
and Industry, winter meeting, Jan- 
uary 23-24, Hotel Roosevelt, New 
Orleans, Louisiana. 


Sixth Annual Conference on 
Protein Metabolism, sponsored by 
the Bureau of Biological Research, 
Rutgers University, January 27-28, 
on the campus. 


Third annual symposium on 
modern methods of analytical 
chemistry, sponsored by the College 
of Chemistry and Physics, Louisiana 
State University, January 30—Feb- 
ruary 2, on the campus. 


American Physical Society, 297th 
meeting, February 2-4, Columbia 
University, New York City. 
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SOME THEORY OF SAMPLING 


By W. Edwards Deming. A new book which presents the theoretical background plus the 
practical applications of modern statistical practice. Parts I, II, and III cover the problems 
which arise in planning surveys. Part IV gives a step-by-step summary of how the theory of 
sampling was applied to two real problems: an estimation of inventories and a population sample 
for Greece. Part V goes into advanced theory which can be used in the design and analysis of 
samples. A book in the WILEY MaTHEMATICAL Statistics Serres, Walter A. Shewhart, Editor. 


Ready in March Approx. 554 pages Illus. Prob. $9.00 


ANALYTICAL ABSORPTION SPECTROSCOPY 


Edited by M. G. Mellon. Covers the problems, methods, and equipment involved in measuring 
the absorptive capacity of a given sample for radiant energy in the spectral region of 0.2 to 25 
microns. Nine authorities cover in detail the chemical problems of preparing samples for meas- 
urement and the physical problems of testing and operating instruments to obtain the informa- 
tion desired. The book proposes a consistent nomenclature for the whole range of analytical 
chemistry methods. 


Ready in March Approx. 495 pages 290 illus. Prob. $9.00 


EARTH WAVES 


By L. Don Leet. One of the HarvarD MoNoGRAPHS IN APPLIED SCIENCE. This new book covers 
the subject in four parts: the measurement of earth waves, observed types of earth waves, trans- 
mission of earth waves by layered media, and microseisms. The seismograph is fully described 
together with seismic prospecting equipment. The book will be useful to commercial geophysi- 
cists, geologists, meteorologists, engineers in soil mechanics, dam and structural design, and seis- 
mologists. Illustrations are included. 


January 1950 Approx. 128 pages Illus. Prob. $3.00 


SELECTED INVERTEBRATE TYPES 


Edited by F. A. Brown, Jr. A laboratory guide to the study of the anatomy and physiology of 
common American invertebrate animals. The approximately 100 commonly used American 
species covered in the book include the most widely studied fresh water forms, organized on a 
classifieatory basis. The book features selected bibliographies at the end of each section and 235 
illustrations, many of them original and drawn from the actual specimens. The entire manual 
emphasizes information rather than directions. 


January 1950 Approx. 611 pages 235 illus. Prob. $6.00 


‘JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N. Y. 
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to clean the 
laboratory ware 


ALCONOX would be a must! 


No matter what you want to clean blood 
encrusted pipettes, metal ware, porcelain ware, 
machine parts, instruments . . No matter how 
dirty or greasy they be . . . ALCONOX will make 
them sparkling clean, film-free, streakless. 


In hard water, soft water 
Hot or cold, Aleonox is equally effective. It actu- 
ally lifts off dirt, grime and grease faster than 
anything you have ever tried. 


Saves energy, Saves time 
Just wash and rinse. Toweling practically un- 
necessary. Economical, too—one spoonful makes 
a gallon of active cleanser ready to go to work on 
your toughest job. 


Tested and Used 


by many leading hospitals, laboratories, food and 
industrial plants. Test it yourself on a tough job. 


You'll agree with these users 


“The 13 year accumulation of dirt on a centrifuge 
yielded after soaking in Alconox.” 

Hospital Supt. 

“It does a swell job and saves us many hours.” 

Plant Supt. 


“Blood-clogged pipettes were cleaned readily by 
immersing in the solution.” 


Send for Free Sample or Order from your dealer 


DEALERS 
Several territories still open. 
Write for details. 


ALCONOX, INC. 


Manufacturing Chemists 
61-63 CORNELISON AVE. 
JERSEY CITY 4, N. Jj. 


ALCONOX 


AMINO ACIDS 


Acetyl-DL-Tryptophane 
DL-Dihydroxyphenylalanine 
DL-Isoleucine 
DL-Leucine 
DL-Lysine HCl 
DL-Methionine 
DL-Norleucine 
DL-Phenylalanine 
DL-Serine 
DL-Threonine 
DL-Tryptophane 
DL-Valine 


SPECIAL CHEMICALS DIVISION 


1450 BROADWAY, NEW YORK 18, N. Y. 


STATHAM 
Manometer and Control Unit 


EKG 
or 
—| Recorder 


Illustrated above is a complete system for the re- 
cording of rapid pressure fluctuations in the ranges 
encountered in physiological research. We invite 
you to contact us for details of the Statham un- 
bonded strain gage manometer. 


LABORATORIE 


SCIENTIFIC INSTRUMENTS 
9328 Santa Monica Blvd., Beverly Hills, Calif. 
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ELSEVIER PUBLISHING COMPANY, INC. 


NEW YORK-AMSTERDAM 


A selection from our books available at devaluation prices. 


COLLOID SCIENCE 
Volume II 


REVERSIBLE SYSTEMS - MACROMOLECULAR 
AND ASSOCIATION COLLOIDS. 


Edited by H. R. KRUYT, President of the Central Na- 
tional Council for Applied Scientific Research in The Nether- 
lands, The Hague. 


1949 774 pp, 32 tables, 475 ill. $11.50 


ELASTOMERS AND PLASTOMERS 
Their Chemistry, Physics and Technology 


Edited by R. HOUWINK, General Director of the Rubber 
Foundation, Delft. 


Volume III 


TESTING AND ANALYSIS; 
TABULATION OF PROPERTIES 


1948 174 pp, 48 ill. $3.50 


Volume II 


MANUFACTURE, PROPERTIES, 
AND APPLICATIONS. 


1949 532 pp, 225 ill. $7.00 


Volume I: GENERAL THEORY, 
February 1950. Approx. 520 pp, $7.00 


FUNDAMENTALS OF 
SYNTHETIC POLYMER TECHNOLOGY 
By R. HOUWINK 


completely revised edition of 
“Technology of Synthetic Polymers” (1947) 


1949 270 pp $3.75 


ORGANIC COATINGS 
In Theory and Practice 


By A. V. BLOM, Head of the Paint and Varnish Research 
Station of the Swiss Institute for Testing Materials, Zurich. 


1949 310 pp, 82 tables, 121 ill. $4.75 


ELSEVIER BOOK COMPANY, INC. 215 Fourth Avenue, New York 3, N. Y. 


Representative for the Western Hemisphere 


PHYSICS AND CHEMISTRY 
OF CELLULOSE FIBRES 
with particular reference to rayon. 


By P. H. HERMANS, Director of the Institute for Cellulose 
Research of the A.K.U. and Affiliated Companies, Utrecht. 


1949 556 pp, 58 tables, 225 ill. $7.50 


SUBMICROSCOPIC MORPHOLOGY 
OF PROTOPLASM 
AND ITS DERIVATIVES 


By A. FREY-WYSSLING, Professor of General Botany at 
the Federate Institute of Technology at Zurich. 


1948 263 pp, 28 tables, 161 ill. $4.75 


TERRESTRIAL RADIO WAVES 
Theory of Propagation. 
By H. BREMMER, Philips Research Laboratory, Eindhoven 


(Netherlands). 
1949 354 pp, 91 ill. $5.50 


TECHNOLOGY OF LIGHT METALS 


By A. von ZEERLEDER, Director of the Research Labora- 
tories of the Aluminum-Industrie A.G., Chippis (Switzerland). 


Second English Edition of “Technology of Aluminum and its 
Light Alloys” by the same author. 


1949 380 pp, 63 tables, 396 ill. $6.00 


SOUND ABSORBING MATERIALS 
By C. ZWIKKER and C. W. KOSTEN 


Philips Research Laboratories, Eindhoven, and Physics, 
Delft Technical University (Netherlands). 


1949 188 pp, 9 tables, 92 ill. $3.00 


PSYCHICAL PHYSICS 
A scientific analysis of dowsing, 
radiesthesia and kindred divining phenomena. 


By S. W. TROMP, Professor of Geology, Fouad I University. 
Cairo (Egypt). 


1949 550 pp, 153 ill., tables. $8.00 
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STEREO 
MICROSCOPE 


3/4” constant working 
distance at all magnifi- 
cations from 6x to 80x 
selected by turning knob. “= 
NO changing of conventional ob- 
jectives. 180° reversal of binocu- 
lar. This NEWEST of LY 
Zeiss instruments avail- 
able from stock. 


€RB & GRAY 


OPTON 


reiss 


Ad Triphosph (ATP); Amygdalin; Amylase; 
Animal Lecithin; Ascorbic Acid Oxidase; Bacitracin; 
BAL; Biotin cryst.; Caffeic Acid; Carotene cryst.; 
Catalase; Cellulase; Chlorogenic Acid; Chorionic 
Gonadotropin; Circulatory Hormone; Colchicine; Cy- 
tidylic Acid; Cytochrome C; Dehydroascorbic Acid; 
Dihydroxyacetone; Dihydroxyphenylalanine (DOPA); 
Dipyridyl; Edestin; Emulsin; Erythritol; N-Ethyl- 
piperidine; Fibroin; Folic Acid; Galacturonic Acid; 
Gentisic Acid; Girard Reagents P and T; Gliadin: 
Glucose Pentaacetate; Glucuronic Acid; Glyceralde- 
hyde; Glyceric Acid; Heparin; Hordenine; Hyaluroni- 
dase; 2-Hydroxyadipaldehyde; Humulon; Isoascorbic 
Acid; Isopropylarterenol; Kojic Acid; Kynurenic Acid; 
Lanthionine; Lipase; Lysozyme; Lyxose; Malononi- 
trile; Maltase; Melezitose; Mesobilirubinogen; Muscle 
Adenylic Acid; Myanesin; p-Nitrophenylphosphate; Nu- 


Biological Stains 


During the past thirty years The Coleman & Bell Com- 
pany has developed processes for the preparation and purifi- 
cation of several hundred dyes for use as biological stains. 

These products are prepared in our laboratories on a 
semi-commercial scale. In connection with their manu- 
facture and purification, we have developed a testing labo- 
ratory equipped for testing the purity of these products 
both chemically and biologically. Most of the common 
stains are offered with the certificate of the Biological Stain 
Commission. 

C & B Products are distributed by 
Laboratory and Physician Su ply Houses 
Throughout the Wor 


Write for copy of catalog. The COLEMAN & BELL Co. 
Manufacturing Chemists: Norwood, O., U.S.A. 


FOR 
MEASURING 
RADIOACTIVE 
EMISSION 


PRECISION IONIZATION 
METER (Failla Design) 


This complete measuring instrument is designed primarily for null 
methods of radioactivity measurement where background radiation 
effects must be eliminated. It consists of a heavy stand supporting 


| twin spherjcal ionization chambers, Lindemann Electrometer with il- 


lumination and projection system, together with standard condenser 
and voltage supplies. 


cleoprotein; Orcinol; Pancreatin; Pangestin; Panto- 
thenyl Alcohol; Penicillinase; Peroxidase; Phenazine; 
Phenylpyruvic Acid; Phloridzin; Phosphorylase; Pi- 
perin; Porphyrindene; Protamines; Pyridoxal; Pyri- 
doxamine; Pyrocatechuic Acid; Pyruvic Aldehyde; 
Ribonuclease; Saccharic Acid; Salmine; Serine Phos- 
phoric Acid; Spermidine; Spermine; Thioacetic Acid: 
Thiocytosine; Thyroxine; Trigonellin; Triphenyltetra- 
zolium Chloride; Tripyridyl; Trypsi i 
Tyrothricin; Urease; Uricase; 


Xanthosine. 
Ask us for others! 


gen; Tyr 
Uridine; Vitellin; 


DELTA,CHEMICAL WORKS 
23 West 60th St. New York 23,N.Y. ff 


Telephone PLaza 7-6317 


—OTHER CAMBRIDGE INSTRUMENTS— 


LINDEMAN-RYERSON 
ELECTROMETER 
Has high sensitivity and good 
stability. Does not require 
leveling. When reading, the 
upper end of the needle is ob- 
served on a scale illuminated 
through a window in bottom of 
case. Size 8.3x6.5x3.5 cm. 


POCKET GAMMA RAY 
DOSIMETER 


Is a personnel in- 
strument to measure cumulative 


exposure to gamma or X-rays 
over a given period. Contains 
an ionization chamber, a 
quartz fibre electrometer and 
viewing system. 


“CHANG AND ENG” 
FAST NEUTRON DETECTOR 


Follows closely original design 
of U. S. Atomic Energy Com- 
mission. Consists of twin ion- 
ization chambers, Lindemann 
Electrometer, reading micro- 
scope and dry cells. Self- 
contained. 


Send for complete information 


CAMBRIDGE INSTRUMENT CO., INC. 
3748 Grand Central Terminal, New York 17, N. Y. 


Pioneer Manufacturers of Precision Instrument: 
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PHOTOVOLT 
Electronic 
Transmission Densitometer 


photographic, microgra X-ray, 
and x-ray diffraction plates and films. a 
@ For radiation monitoring with x-ray films. 
@ For exposure determination in photomicrography by 


of 


direct light measurements in the focal pl 
Write for Bulletin #250 to 


PHOTOVOLT CORPORATION 
95 Madison Ave. New York 16, N. Y. 


Also: Colorimeters, Fluorescence Meters, 
pH Meters, Photometers 


AN AMAT 
ARAPHHUE 


For isolation and Separation of 


KETONIC MATERIALS use 


ARAPAHOE GIRARD’S REAGENTS 
“P” (CI-) CH,CONHNH. 
(CH.).N*) (Cl-) CH.CONHNH. 
In Estrogen Assay ® Separation and Puri- 
fication of Biologically Active Ketones 
and Perfume Principles @ Resolution 
of Natural Products 


Both are attractively priced and avail- 
able for prompt delivery—Inquire 
of our Dept. “B”’ 


SALES OFFICES IN 
N.Y.C_—MILLMASTER CHEMICAL CORP. 
Chicago—Wm. E. PHILLIPS, INC. 

San F. & Los A.—S. L. ABBOT COMPANY 


ARAPAHOE CHEMICALS, INC. 
2800 PEARL STREET + BOULDER, COLORADO 
PRODUCERS OF-FINE ORGANIC CHEMICALS 


Pure Water— Sterile to the Last Drop 
R 


| Cull Kyflex 


Pour-O-Vacs give you a vacuum closure for 
sterile water—a positive technique for keeping 
fluids sterile during long periods of storage. 
THe Pour-O-Vac SEAL is a scientifically de- 
signed closure consisting of a heat-resistant 
rubber collar which fits over glass container. 
Phenolic cap which fits over this collar effects a 
vacuum seal when depressed, protecting flask and 
contents from contamination. 

Where water is drawn off continually from a 
water sterilizer into pitchers and basins covered 
by metallic caps or drapes and handled care- 
lessly, it may be quickly rendered unsterile. With 
the use of Pour-O-Vac, water can be poured 
from containers without danger of contamina- 
tion because tip of collar is sterile. Finger con- 
tact is eliminated. 

Pour-O-Vac SEALs can be sterilized repeatedly 
and used throughout an exceptionally long life. 
They fit 500, 1000, 2000, and 3000 ml. Fenwal 


Containers. 

An ideal combination for the preparation, 
handling and storage of water is a Castle Reflux 
Still and a supply of Fenwal flasks and Pour-O- 
Vac SEALs. 


L, Collar is placed over flask, hugging neck and lip of container; 
cap is placed loosely over cover during sterilization. R, Pressing 
cap effects vacuum seal. 


Cross section of Pour-O-Vac before and after pressing cap showing 
how vacuum-tight closure is effected. 


Available through all 
authorized Castle dealers 
or write Wilmot Castle Co., 
1212 University Avenue, 
Rochester 7, N. Y. 


BACTERIOLOGICAL APPARATUS 
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Personnel Placement 


Personnel Placement 


POSITIONS WANTED 


POSITIONS OPEN 


Botanist: Woman, M.S. completing Ph.D. June. 
and morphology, also lower ce 
lege instructor. Box 6, SCIE 


Electro Mechanical, 


Fields anatomy 
Three years experience as col- 
NCE. 1/27 


Electronic Engineer: 


wishes temporary or 


Meret — constructing medical research apparatus. Box 

SCIENCE. 2 
related work desired by -inorganic chemist. M.S. 
1939. State salary. Box 5, SCIENCE x 


Infrared Spectroscopist: Physical chemist, 50, civil service status, 
employed. Three years current experience Perkin-Elmer equip- 
ment. Desire continue infrared on research basis. Now grossing 
about $6500; need large percentage increase for taxes, inflation, 
television. Box 8, SCIENCE. x 


Young Internist with extensive experience in clinical biochemistry 
including analysis ef human blood serum and other biological 
uids; research has dealt principally with chemical and clinical 
aspects of diabetes mellitus and other metabolic disorders; for fur- 
ther information, please write Burneice Larson, Medical Bureau, 
Palmolive Building, Chicago. x 


AVOID DELAY .... Cash in Advance payment 
P MUST be enclosed with ALL classified ads. { 
(See “‘Charges and Requirements,” 


Jan. 13th issue, page 14.) > 


POSITIONS OPEN 


RESEARCH and 
DEVELOPMENT 
OPPORTUNITIES 


FREED — EISEMANN 
esearch projects 
fields have cre- 
pportunities for 


| Development and r 
in important new 
ated interesting © 
experienced men: 
= Electron Tube Research 
hysicist 
Tube Development 
Engineer 
= Optical Engineer 
Physico-Chemist 
state) 
| Tube Technicians 
ld be capable 
| 
e ra : 
cluding techniques of 
| pumping, cathodes, screens, 


2 Write to Director Research and Development 


FREED RADIO CORPORATION 
200 Hudson St., New York 13, N. Y. 


( solid 


Pharmaceutical Chemist: Research position in progressive West 
Coast industrial laboratory. Must possess ability for new product 
development and know ledge of manufacturing procedures for pilot 
scale operation. M.S. or Ph.D. Will consider B.S. with experi- 
ence. Salary commensurate with qualifications. Box 4, a 

1/2 


Pharmacologist: Senior position in laboratory of a pharmaceutical 


| manufacturing firm with extensive screening and research program. 


| ology and pharmacology for second semester. 


Candidates should have M.D. degree. Metropolitan location, 
Eastern. Box 9, SCIENCE. 
Physiologist-Pharmacologist: M.S. or Ph.D. to instruct in physi- 


May be permanent. 
Department of Pharmacology, College of Pharmacy, nn a of 
Florida, Gainesville, Florida. 


Positions Open: 
(a) Assistant medical director; pharmaceutical industry; duties 
combination of clinical research and plant health supervising ; Mid- 


dle West. (b) Biochemist with agricultural experiment station 
Seer or training; food industry; East. (c) Parasitologist, 


in parasitology with minor in bacteriology ; ; medical school 
department of medicine; duties: teaching and research; Middle 
West. (d) Chemist to work on isolation of active agent present 
in serum albumin and, also, research worker to perform experi- 
ments in research on aging; Master’s degrees required; research 
division, university medical school; East. (e) Physician with sci- 
entific background to serve in research capacity in radioisotope 
unit, large teaching hospital. (f) Pharmacologist; preferably 
Ph.D. with broad knowledge of phy siological activity and pharma- 
cology of important drugs ; laboratory experience and supervisory 
ability desirable. S1-3 Burneice Larson, Medical Bureau, Palm- 
olive Building, Chicago. 


The Market Place 


BOOKS 


and HARD-TO-FIND 


U T P R N books supplied. All sub- 


jects, all languages. Also incomplete sets completed, genealogies 
and town histories, all magazine back numbers, etc. Send us your 
list of book-wants—no obligation. We report quickly. Lowest 
prices. 


(We also supply all current books at bookstore 
prices postpaid) 
AMERICAN LIBRARY SERVICE 
117 West 48th St., Dept. 222, New York 19, N. Y. 


P.S. We also buy books and magazines. Send us your list. 


Send us your Lists of 
SCIENTIFIC BOOKS AND PERIODICALS 


which you have for sale. 
Complete libraries; sets and runs; and single titles are wanted. 


Also please send us your want lists. 
STECHERT-HAFNER, INC., 31 East 10th Street, New York 3. 


WANTED TO PURCHASE: 
Sets and runs, foreig 
SCIENTIFIC BOOKS 
Entire ae and smaller collections 
ALTER JOHNSON 
125 East 23rd Street, New York 10, N. Y. 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description files you are willing to 
at high market prices. NER AND COMPANY, 
Boyston Street, Boston is, Massachusetts. 


LANGUAGES 


LINGUAPHONE MAKES LANGUAGES EASY 
At home learn to speak Spanish, Portuguese, Italian, French, 
German, Russian, by quick easy Linguaphone Conversational 
Method. Save time, work, money. Send for free book. a 9 
PHONE INSTITUTE, 84 RCA Bldg., New York 20, N. Y. 
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The Market Place 


The Market Place 


PROFESSIONAL SERVICES 


SUPPLIES AND EQUIPMENT 


Since 1885 


ALBERT 
TEACHERS 


25 E. Jackson Bivd., Chicago 4, Ill. 
MEMBER NATA 
Reliable and Discriminating 
Service to Colleges and Uni- 
versities of the Nation and 

their Personnel. 


AGENCY 
and COLLEGE 
BUREAU 


FOOD RESEARCH LABORATORIES, INC. 
Founded 1922 


L. Oser, Ph. i 
RESEARCH—ANALYSES— CONSULTATION 
Nutritional, Toxicological Studies 
Drug and Allied Indus: 
48-14 33rd Street, Long Island City 1, N. Y. 
Write for descriptive brochure 


TRANSPARENT BOXES 


For Every Laboratory, Every Collector 
of Small Objects, Every Home Workshop! 


Five Sizes Now Available 
Write for New (June, 1949) Leaflet TR-S 


R. P. CARGILLE 
118 Liberty Street, New York 6, N. Y. 


@ MOTION PICTURE and SLIDE FILM 
PHOTOGRAPHY | Professional assistance, editing, sound ; 


rt work, animation, tities, 
complete productions. Gitbcdetenes Time-lapse_ studies, 
photomicrography, optical-electrical i h 


All Amino Acids (natural, synthetic, unnatural), 
Rare Sugars, Biochemical Products, Reagents, New Pharma- 
ceuticals in stock. Write or phone PLaza 7-8171 for complete 
price list. 

1 est t treet, 
BIOS LABORATORIES, INC. York 23, N. 


poe Development. 25 years experience, finest 
HENRY ROGER, Fellow, A.A.A.S.; R.M.S.; B.P.A.; 
Formerly 11 years with the Rockefeller institute. 

c/o ROLAB Photo-Science Laboratories & Sound Studios, 

SANDY HOOK, CONNECTICUT 


SPECIAL GLASS APPARATUS 


Our glass blowing department is available for special 
scientific and technical glass apparatus made to 
specifications and drawings. Inquiries invited. 
Estimates furnished. 

E. MACHLETT & SON 
218 East 23rd St. New York 10, N. Y. 


SUPPLIES AND EQUIPMENT 


COMING SOON... 


mun the FEBRUARY 10th “PROCEEDINGS” Issue 


important issue for advertisers! 
This issue will contain a complete summary of the Proceed- 
ings of the much publicized 116th Meeting of the AAAS in 


New York, December 26-31, 1949. 


Because of its importance, the Proceedings issue will be read 
with unusual interest by the more than 33,000 SCIENCE 
readers, and will prove to be especially productive for 
SCIENCE advertisers. 


Time is very short, so don’t delay—your advertising copy 
must be sent IMMEDIATELY. See “Charges and Require- 
ments” page 14 of the January 13th issue, or write for Rate 
Card 26 Today. 


DOGS RATS RABBITS 
LABORATORY ANIMALS CATS PIGEONS HAMSTERS 
Clean healthy well-fed animals > MICE POULTRY GUINEA PIGS 


e Guaranteed suitable for your needs. 


dable JOHN C. LANDIS + Hagerstown, Md. 


L-Methionine 
@AMINO ACIDS e BIOCHEMICALS 
MICROBIOLOGICAL ASSAY MEDIA 


. M. CHEMICAL COMPANY, LTD. 
144 mie Hayworth Avenue Angeles 36, California 


QUARTZWARE 


for laboratory and industry 
A complete line of standard laboratory ware. 
Also custom 
Write for particulars. 


THE PANRAY CORP. 
340 Canal Street, New York 13, N. Y. 


White SWISS Mice 20c 


Rabbits, Cavies, Chickens, Ducks, Pigeons, Hamsters 
J. E. STOCKER «+ Ramsey, N. J. * Phone RAmsey 9-1064 


STAINS ¢ STAINS ¢ STAINS 


RARE-COMMON 
STARKMAN Biological Laboratory 


461 Bloor St. West 
Toronte, Canada 


For NUTRITIONAL RESEARCH 
oaeesects Yale for GBI catalog No. 677 listing products 
e for biochemical, biological, and microbiological 


procedures. 


GENERAL BIOCHEMICALS, INC. 


72 LABORATORY PARK CHAGRIN FALLS, OHIO 


HOLTZMAN RAT CO. 


ializing in the Producti 
QUALITY WHITE 
for Laboratory Use. 
R. 4, Madison 5, Wisconsin 


Phone 6-5573 
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| | GLASS ABSORPTION 
| CELLS KLETT 


COMPARATOR 


FOR BETTER 
RENAL FUNCTION TESTS 


NONFADING | 


GLASS COLOR 
STANDARDS 


WRITE FOR 
BULLETIN No. 602K 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS" 
Colorimeters — Nephelometers — Fluorimeters — 


3718 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y. ee eee 
HEADQUARTERS FOR COLORIMETRIC APPARATUS Klett Manufacturing Co. 


179 East 87 Street, New York, New York 


Advertising in SCIENCE pays! 


| 

Here’s Proof! pian Now for MORE SALES in 1950 
| —write for rate card 26D TODAY... 
let SCIENCE PRODUCE FOR YOU 


SCIEN, 
1515 


tor tll res ne 


Adenosine-5-phosphoric acid is an important biochemical sub- 
strate; it also shows promise in the treatment of cardiac disorders, 
theumatic conditions, and malnutrition. AMP Schwarz is a 
crystalline product of high purity. 


Schwarz fine chemicals satisfy the exacting requirements of 
products intended for use in biochemical or clinical research. 


AVAILABLE also — Adenosine-3-phosphoric acid, adenosine tri- 
phosphate, glutathione, malononitrile, nucleic and desoxyribo- 
nucleic acids, purine and pyrimidine derivatives, other phos- 
phorylated and biochemical compounds. 


Complete information on these and 
other Schwarz chemicals on request 


LABORATORIES, INC. iz 


202 East 44th Street 
New York 17,N. Y. 


Ys 
3} 
= 
‘Known a ADENYLIC Washington 5, D, Cc. 
This Was one of Many received in 
response thi, firm’, advertising in your 
Publication, and Our Client Joing US in ex. 
Pressing Our pitistaction at the results adver. 
tising in SCIENCE has *ccomplished. 
s We fee], 8S they do, that your Publication is 
One of the finest in its field and affords a 
Very €xcellent PPPortunity of the 
desireg elemen, of Purchaser, of Scientifi, 
SUDDlies. 
With 8enuine “PPreciation of your Persona) 
eration, and your Medium’, *xcellence, 
We are, 
Sincerely Yours, 
* Name on Requess 
| ( 
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INSTRUCTION 


in RADIOACTIVITY 
Demonstration aud Laboratory 


Visible—Audible—Quantitative indications are made 
possible by neon-bulb flashes, loud-speaker clicks, and a 
calibrated meter which counts up to 2500 per minute. 
A Geiger tube detects gamma and high energy beta rays, 
and a selector switch for the meter permits indication 
of either voltage across Geiger tube or counting rate. 
Lead 210 and Cobalt 60 sources are furnished together 
with an excellent set of detailed instructions for several 


laboratory exercises. 


No. 71230 Cenco Radioactivity Demonstrator $41250 


CENTRAL SCIENTIFIC COMPANY 
Scientific Instruments Laboratory Supplies 


_ 1700 IRVING PARK ROAD, CHICAGO 13 
NEW YORK BOSTON SANFRANCISCO NEWARK LOS ANGELES TORONTO MONTREAL 
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for the LUFETIME of the znstrument 
TROUBLE-FREE focusing 


—NEW AO SPENCER MICROSCOPES 


You can always have the same smooth “feel”, 

the same correct tension, in the rack-and-pin- 
ion coarse and substage focusing adjustments of the new AO 
Spencer Microscopes. At any time you can quickly and easily 
lock the adjustment in a fixed position, alter the tension to ac- 
commodate interchangeable bodies, take up wear or meet special 
requirements. Just hold the left knob and turn the right— 
counter-clockwise to loosen, clockwise to tighten. 


This “Custom Tension Contrel”’ is an exclusive feature 
of the new AO Spencer Microscopes. It and many other 
important advantages of these microscopes are described 
in a new catalog. For your copy write Dept. A3. 


American @ Optical 


Instrument Division 
Buffalo 15, New York 


Makers of Microscopes fer over 100 Years 


SPENCER 
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